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A b s t r a c t 
Cross-Coupling Methodology in the Synthesis of Luminescent Metal 
Complexes and Multimetallic Assemblies 
K a t h r y n J. A r m 
The synthesis of a series of complexes of the type [M(C^N)2(N'^N)]+ is reported, where 
M is either i r i d ium or rhodium, C^N is a cyclometalating ligand such as 
2-phenylpyridine (ppy) and N ' ^ N is 2,2'-bipyridine (bpy) or a substituted bpy Ugand. 
Several complexes are produced via an in situ Suzviki cross-coupling reaction between 
a bromo-substituted metal complex and an organic boronic acid. The introduction of 
fluoro-substituents in the C ^ N ligand is found to significantly perturb the excited state 
properties of such complexes, whilst species containing bpy ligands appended w i t h 
dimethylamino, pyr idy l or hydroxy ftmctionalities display p H responsive 
photophysical properties. 
The Suzuki cross-coupling reaction is further extended to the controlled synthesis of 
multimetallic arrays containing f r o m two to eight metal centres. This is achieved via 
the coupling of bromo-substituted metal complexes w i t h previously unreported 
ruthenium, i r id ium or rhodium complexes bearing bpy ligands w i t h boronic acid 
substituents. The regioselective bromination of ppy ligands already bound to metal 
centres allows for the elaboration of dimeric systems to tetrameric systems, and 
tetrameric systems to octameric systems by exploiting the same coupling reaction. 
Access to well-defined mixed metal species is achieved, including a tetrameric species 
which incorporates rhodivmi, i r id ium and ruthenium moieties. Similarly, 
unsymmetrical bridging tmits are simply created and can contain either bpy, ppy or 
2,2':6',2"-terpyridrne (tpy) coordinating units. 
Photophysical investigations reveal that the energy transfer properties of these 
multimetallic assemblies, which contain simple phenyl bridging units between the bpy, 
ppy or tpy ligands, can be reliably predicted f r o m the properties of the constituent 
building blocks. That is to say that the bridging ligand does not alter the relative 
excited state energies of the complexes when they are incorporated as building blocks 
in extended systems. This allows for the design of energy-channelling multimetallic 
species, potentially applicable to solar energy conversion devices. 
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CHAPTER 1 
INTRODUCTION 
1 Introduction 
Ruthenium(II) complexes containing 2,2'-bipyridine (bpy) ligands, originally studied in 
the 1960s,i'2 have attracted enormous attention over the past thirty years.3 A 
combination of rich photophysical and electrochemical properties has prompted 
research into hundreds of derivatised complexes, providing potential candidates for 
applications such as photocatalysis, luminescent sensors, electroluminescence and 
electron transfer reagents for conversion of Ught to chemical energy. 
However, related i r idium(II l ) systems, which exhibit similarly attractive photophysical 
properties, are faced w i t h S5mthetic challenges associated w i t h the kinetic inertness of 
this th i rd row d^ metal ion wi th respect to substitution.^ Iridivun systems containing a 
combination of both bpy and anionic cyclometalating C ^ N ligands, such as 
2-phenylpyridine (ppy), can be synthesised much more readily .5 The synthesis of such 
complexes generally involves the pre-synthesis of the ligand fol lowed by binding to 
the i r id i im\ centre. Whilst this is usually a reliable and high yielding approach for the 
incorporation of simple ligands, the complexation step may not always proceed 
smoothly if a sophisticated ligand w i t h more than one potential binding site is used.* 
A n astute way to avoid this problem is to adopt an in situ approach to the synthesis 
which involves carrying out chemistiy on the complex. 
Monometallic transition metal complexes of the type discussed above can be used as 
bui lding blocks for the generation of multimetallic systems. The resulting arrays 
therefore contain moieties which may absorb light, luminesce or display redox active 
characteristics, leading to applications in molecular electronics and devices, solar 
energy conversion and information storage.^ The synthesis of such systems wou ld also 
benefit f r o m an in situ type approach, in order to gain fuU control over the f inal 
assembly stiucture, without introducing prolonged synthetic procedures. 
1.1 Introduction to luminescence 
Luminescence arises when an energetic excited state relaxes and loses its energy via the 
emission of radiation. The init ial excited state is generated via the absorption of 
radiation which has energy corresponding exactiy to that of some electronic transition 
wi th in the system. According to Kasha's rule,^ relaxation to the lowest energy excited 
state via non-radiative processes occurs very rapidly and much faster than the 
emission process, so that any Itmiinescence observed is normally deemed to arise f r o m 
thisjowjest excited state. 
Fluorescence can be described as a radiative transition between states of the same 
multiplicity, normally singlet to singlet transitions. Fluorescent emission occurs on a 
similar timescale to non-radiative decay processes such as intersystem crossing (ISC), 
which leads to short fluorescent lifetimes usually of the order of nanoseconds. 
In contrast, phosphorescence involves a radiative transition between states of different 
multiplicities. As this is a formally forbidden process, phosphorescent emission 
lifetimes are longer than those seen for fluorescence, and are usually of the order of 
microseconds. Phosphorescence often involves relaxation f r o m the lowest excited 
triplet state, populated f r o m the lowest excited singlet state via intersystem crossing, to 
a typically singlet ground state. Under ambient conditions phosphorescence is rarely 
observed, as other competing processes occur on a faster timescale, providing 
alternative non-radiative relaxation pathways. The competing pathways are best 
displayed on a Jablonski diagram (Figure 1). I n systems where spin-orbit coupling is 
significant, electric dipole transitions may readily occur where AS / 0. In these 
situations the spin quantum nvunber becomes an inadequate description of the system 
and so phosphorescence is enhanced. Transition metal complexes, especially those of 
second or th i rd row transition metals, are examples of this type of system, w i t h the 
presence of a heavy atom promoting spin-orbit coupling and hence phosphorescence. 
Excited states 
Groimd state 
n 
I.e. 
ISC 
ISC' 
n 
1 
.hv„ 
Figure 1 Jablonski Diagram: straight lines represent radiative processes whilst jagged lines 
represent non-radiative processes. 
Transition metal complexes have a wide range of excited states available to them, 
arising f r o m a complicated electronic structure generated by the combination of metal 
and ligand orbitals. A molecular orbital is comprised of two or more atomic orbitals 
and can be considered to receive greatest contribution f r o m the atomic orbital of most 
similar energy. As absorption of radiation brings about an electronic transition 
between two molecular orbitals, i t is possible to characterise the residting excited state 
in terms of the molecular orbitals involved. This gives rise to metal-centred (MC), 
ligand-centred (LC), metal-to-ligand charge transfer (MLCT) and ligand-to-metal 
charge transfer (LMCT) transitions and excited states.^-i" 
For polypyr idyl transition metal complexes, LC n-n* transitions are seen as intense 
absorptions i n the U V region, whilst M C d-d transitions give rise to less intense 
absorptions i n the same region, w i t h the exact position being dependent on the ligand 
f ie ld strength. M L C T transitions are often observed as strong absorptions i n the visible 
region due to the strong o-donor and n-acceptor qualities of Ugands such as 
2,2'-bipyridine. In complexes where a 4d or 5d easily oxidisable transition metal is 
present, the energy level sequence is such that the lowest excited state is often an 
emissive MLCT state.3 Intense emission may be observed f r o m such systems wi th a 
lifetime in the region of a few hundred nanoseconds. Ruthenium complexes 
containing 2,2'-bipyridine type ligands remain the most thoroughly investigated 
complexes of this sort.3 
1.1.1 Applications of long-lived luminescence 
A Itmiinescent sensor consists of an analyte binding site and a light emitting group 
which acts as a reporting group. A measurable change i n some emission characteristic 
is brought about upon binding of a specific analyte. This could be observed as a 
change in the emission wavelength, intensity or lifetime and can, in turn, be related to 
the concentration of the analyte. The analyte involved can vary in complexity f rom a 
simple H+ ion i n p H sensitive systems, to more sophisticated biological molecules such 
as insulin. 
However, biological samples often contain additional fluorescent species, emission 
f rom which may interfere w i t h the signal returned f r o m the luminescent sensor. Time-
gated methods provide a way to combat this problem, by delaying measurements unt i l 
a time after which the fluorescent backgroimd signals have decayed. Clearly, i n order 
for this to work, the luminescent sensor must have a significantly longer lifetime of 
emission than the interfering species (Figure 2). Transition metal complexes which 
display long-lived phosphorescent emission tmder ambient conditions are ideally 
suited for this purpose. The use of ruthenium tris-bipyridine complexes i n such 
responsive systems is discussed tn section 1.2.2.2. 
Intensity Long-lived sensor emission 
Backgrovmd fluorescence 
Begin recording measurements 
^ after backgrovmd fluorescence has 
-«. ^ decayed 
Time 
Figure 2 Time-gated discrimination of phosphorescence from background fluorescence 
1.2 Ruthenium complexes containing 2,2'-bipyridine ligands 
1.2.1 Ruthenium tris-2,2'-bipyridine 
Ruthenixun tris-2,2'-bipyridine (Figure 3) is among the most studied of metal 
complexes.3'^1 The ground Dsh state molecular structure, deduced in 1979, revealed the 
presence of a short Ru-N bond, indicating significant 7t-backbonding between Ru(Il) 
and the n* orbitals of 2,2'-bipyridine (bpy).i2 
Figure 3 Ruthenium tris-2,2'-bipyridine 
Initial reports suggested that luminescence f r o m [Ru(bpy)3]2+ arose due to a charge 
transfer transition.i^ Since then, the absorption spectrum of [Ru(bpy)3]2+ has been 
corifirmed to display both LC (TC-TI*) bands at 285 run and ^MLCT bands at 240 nm and 
450 nm, w i t h a weak absorption at 550 nm corresponding to the creation of the lowest 
excited 3MLCT state.^'i* Efficient deactivation of upper ly ing excited states via 
radiationless decay has been reported, leading to the conclusion that emission f rom 
[Ru(bpy)3]2+ is phosphorescent,!* rather than fluorescent which had previously been 
suggested.^5 
1.2.2 Ruthenium complexes with derivatised bipyridine ligands 
1.2.2.1 Tuning photophysical properties using the acceptor ligand 
The bipyridine ligand i n [Ru(bpy)3]2+ type complexes acts as an acceptor for the excited 
electron when an MLCT transition takes place. Therefore, the photophysical properties 
of the overall complex can be tuned by careful variation of this acceptor ligand. The 
steric bulk of groups attached to the bipyridine core can affect the planarity of the 
excited state and therefore the photophysical properties,^* as can the overall 
delocalisation ability of the ligand and its rigidity.^'' 
The effect of delocalisation is clearly exemplified by a series of ruthenivun complexes 
which use 2,3-bis(2-pyridyl)pyrazine (dpp), 2,3-bis(2-pyridyl)quinoxaline (dpq) or 
2,3-bis(2-pyridyl)benzoquinoxaline (dpb) as acceptor ligands (Figure 4). As the 
number of rings i n the acceptor ligand is increased, the emission wavelength is 
increased due to stabilisation of the LC 7i*-acceptor levels and hence a reduction in the 
H O M O - L U M O energy gap.i7 
n = 0 : dpp 
n = 1 : dpq 
n = 2:dpb 
Figure 4 Structure of dpp, dpq and dpb ligands 
The use of a pyrene moiety has been exploited i n order to increase the triplet lifetime of 
a ruthenium tris-2,2'-bipyridine type complex.i8-2o A recent example of this achieves a 
substantial increase i n the room temperature triplet lifetime through the binding of 5-
pyrenyl-l,10-phenanthroliiie ligands to a rutheruum metal centre (Figure 5). The 
tiiplet lifetime reported of 148 \is is wel l beyond the range of any related system.i^ -^o 
2+ 
Figure 5 [Ru(5-pyrenyl-l,10-phenanthroIine)3][PF6]2"'2" 
1.2.2.2 Functionalisation ofbipyridine ligands to create responsive systems 
By incorporating functional groups onto the back of ruthenium polypyr idyl complexes, 
luminescent sensor systems can be produced (see also section 1.1.1). The use of 
ruthenium bipyridine complexes as luminescent p H sensors has been widely 
investigated.6'21-27 For instance, ruthenium bipyridine complexes containing pendent 
protonatable py r idy l groups (Figure 6a) have been reported to exhibit p H dependent 
emission characteristics.^'^^ Protonation of the pendent py r idy l groups is accompanied 
by a red shift i n the position of the MLCT absorption due to the lowering i n energy of 
the LC orbitals. Emission f rom these species is entirely quenched at p H values below 
2, suggesting that rapid electron transfer f r o m the excited 3MLCT state to the pendent 
protonated pyr idy l groups occurs. Alongside these studies, ruthenitun complexes w i t h 
deprotonatable pendent phenol groups were considered (Figure 6b).27 Here i t was 
found that the position of the hydroxyl group was crucial i n determining the extent of 
luminescence quenching upon deprotonation, w i t h the para-substituted system 
becoming completely quenched whilst the meta analogue was only partly quenched. 
This was attributed to a lack of internal charge transfer of the phenolate negative 
charge i n the meta case.27 
HI OH 
O H / H 
Figure 6 Ligands containing a) protonatable pendent pyridyl groups and b) deprotonatable 
hydroxyl groups^ ^ 
The distinct photophysical properties of ruthenium polypyr idy l complexes means that 
they are commonly employed as reversible D N A binding agents.^s By binding to or 
intercalating into D N A some change in the photophysical properties of the complex 
may be observed. For example, the complex [Ru(bpy)2(dppz)]2+, where dppz is 
dipyrido[3,2-fl:2',3'-c]phenazine (Figure 7), can act as a Ivmiinescent probe for DNA.^ ' 
Protonation at the pyrazine nitrogen atoms in protic solvents quenches the MLCT 
emission usually observed i n aprotic solvents. However, the addition of D N A to the 
aqueous solution switches the emission back on due to intercalation of the dppz 
fragment into D N A , thus creating a responsive system. More recently, the related 
achiral complex [Ru(tpm)(py)(dppz)]2+, where tpm is tris-(l-pyrazolyl)methane and py 
is pyridine, has been shown to exhibit sequence selectivity i n D N A binding, w i th a 
binding constant of approximately an order of magnitude larger for GC base sequences 
than for AT sequences.^" Subsequently, this complex has been adapted to form a 
bimetallic system which displays a similar D N A binding affinity .3i 
Figure 7 [Ru{bpy)2(dppz)]2* 
Ruthenium complexes containing bipyridine ligands appended w i t h a macrocyclic 
species are often able to sense for specific metal ions.^ -^^ e Rawle, Moore and Alcock32 
have prepared a ruthenitun bipyridine complex containing a pendent 
tetraazamacrocycle, and observe that MLCT emission is quenched upon the 
coordination of Cu2+ or Ni2+ w i th in the macrocycle, and yet remains unchanged in the 
presence of Zn2+. Similarly, complexes w i t h pendent crown-ether groups have been 
noted to respond to binding of group l A and group I I A metal ions.33 Lanthanide metal 
ions may also act as analytes, w i t h Nd3+ having been seen to bind to ruthenitim 
complexes containing modif ied calix[4]arene groups, bringing about a noticeable 
change i n emission characteristics.35 Macrocycles can also be created w i t h groups that 
promote the coordination of anions. By creating a ruthenium complex bearing a 
macrocycle w i t h carboxamide imits, i t is possible to either increase the emission 
intensity through the binding of dihydrogen phosphate, or completely quench 
emission through the binding of fluoride .^ ^ 
12.2.3 Ruthenium complexes in light emitting electrochemical cells 
Organic l ight emitting diodes (OLEDs) are being developed for applications i n flat 
panel displays and lighting. The simplest configuration consists of a single layer of an 
organic semiconductor sandwiched between two electrodes. Under an applied 
voltage, holes are injected f r o m the anode into the H O M O of the organic layer, whilst 
electrons are similarly injected f r o m the cathode into the L U M O . As the two charge 
carrying species migrate towards the opposite electrode, they may combine and fo rm 
an exciton. A fraction of these excitons recombine radiatively giving rise to light 
emission or electroluminescence. A light emitting electrochemical ceU (LEC) consists 
of a sandwiched active polymer layer containing both electronic and ionic conductors 
(Figure 8). This can involve the presence of a transition metal complex which has the 
ability to transport both electrons and holes efficiently.37,38 
Cathode (E.g. Ag) 
Emissive layer 
3): 
Indium Tin Oxide 
(transparent) 
Glass substrate 
Figure 8 Device structure for a light emitting electrochemical cell 
The first solid-state electroluminescent device f r o m a transition metal complex was 
reported in 1996 and used a ruthenixmi polypyr idyl complex w i t h pendent sulfonate 
groups to aid solubility i n water.^^ However, the quantvmi efficiency of this device was 
very low at 0.005%. Derivatised ruthenitun polypyridyl complexes have played a key 
role i n work carried out since this initial discovery i n an attempt to optimise device 
characteristics. Work by Handy et al has employed a hydroxy methylated ruthenitmi 
tris-2,2'-bipyridine complex (Figure 9), producing efficiencies of up to 1%, proving that 
high efficiencies can be obtained f r o m a single-layer spin-coated f i l m of a low 
molecular weight rutheniiun complex.^o 
Figure 9 Hydroxy methylated ruthenium tris-bipyridine complex*" 
Alternatively, high molecular weight polymers w i t h rutheniimi complexes attached to 
the main chain can be used.*i-44 By introducing a layer-by-layer device structure and 
optimising layer concentration and thickness, efficiencies of up to 3% can be 
achieved.44 A variation on this approach sees the blending of ruthenium polypyridyl 
complexes w i t h organic polymeric species.^s^^ x^e blending of a dinonyl-substituted 
ruthenium complex w i t h poly(methyl methacrylate) has produced a transition metal 
based device w i t h an efficiency of 5.5%, the highest value reported for this type of 
device to date.47 
Whilst steps have been taken to increase the quanttun efficiency of LECs, long turn-on 
times and lack of colour tunabHity hamper their use i n commercial application. 
However, the simple fabrication, low cost, low power consximption and attractive 
lifetime properties suggest that these devices could be used as monochromatic 
alphanumeric displays and backlights where turn-on time and colour is less 
important. 37 
1.2.2.4 Ruthenium complexes in dye sensitised solar cells 
Photovoltaic devices take advantage of the fact that photons falling~ontcr~a" 
semiconductor can create electron/hole pairs. This can generate a potential difference 
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across a junction between two materials. In a dye sensitised solar cell (DSC), a 
sensitiser is anchored to the surface of a wide band gap semiconductor of 
nanocrystaUine morphology. The sensitiser, often a ruthenitim polypyr idyl complex, 
absorbs visible Ught and injects an electron into the conduction band of the 
semiconductor, which is most often Ti02 due to its low cost, availability and non-
toxicity. A n electrolyte is able to donate an electron back to the sensitiser to return i t to 
its origined state. Electron migration through the external circuit w i l l provide an 
electron at the counter electrode for regeneration of the electrolyte.48-52 The first 
example of such a system containing a Ru based sensitiser was reported i n 1991 w i t h a 
light-to-electrical energy conversion of 7.1%.53 
A n ideal sensitiser wiU absorb all l ight below 920 nm, contain functional groups to 
allow attachment to the Ti02 surface, efficiently inject electrons, have an excited state 
energy that is wel l matched w i t h the energy of the Ti02 conduction band, have a 
suitable redox potential to allow regeneration f r o m an electrolyte and be stable under 
exposure to visible light.si The complex [Ru(L)2(X)2], where L is 2,2'-bipyridyl-
4,4'-dicarboxyhc acid and X is NCS, was fo imd to have excellent sensitising ability for 
Ti02 f i lms, w i t h the presence of carboxylic acid groups al lowing easy attachment to the 
semiconductor surface (Figure lO).^* The optical tiansition involved was reported to 
have MLCT character w i t h an electron being transferred f r o m the metal to the 
functionalised bipyridine ligand attached to the Ti02 surface.ss This complex became 
known as the N3 dye and remained unmatched for 8 years despite a huge amount of 
research involving the synthesis of similar compounds.^s 
COOH 
e 
ooc 
COOH 
Figure 10 [Ru(2,2' bipyridyl-4,4' dicarboxylic acid)2(NCS)2], N3 dye^ ^ 
However, i n 2001 the "black dye" tiri(cyanato)-(4,4',4"-tricarboxy-2,2':6',2"-terpyridine) 
ruthenium(ll) achieved an improved efficiency for the conversion of l ight to electiical 
energy of~10r4%"56~This is attributed" to the better absorption in the near-IR when-
compared to N3. Further molecular engineering of the ruthenium dye structure 
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should allow for further increased Ught-harvesting i n the region 700-900 nm. Studies 
on rutheniirm complexes incorporating quarterpyridyl species,^^ and bipyridine 
ligands w i t h v iny l linkages to carboxylic acid groups,58.59 show promising conversion 
efficiencies, i n the latter case f r o m 8 - 10%. 
1.3 Iridium tris-2,2'-bipyridine 
I r id i imi is diagonally related to ruthenium in the periodic table, making i r id ium(l l l ) 
essentially isoelectronic w i t h ruthenium(II), both having a low spin d^ configuration. 
Being a th i rd row transition metal, ir idium(III) is characterized by the great inertness of 
its coordination sphere w i t h respect to substitution, requiring harsh reaction conditions 
in order to substitute the classical chlorine ligands of typical starting i r id ium salts.^ 
I r id i t im tris-2,2'-bipyridine was first reported^ in 1958. Metal based oxidation of 
i r id ium(l l l ) i n this environment occurs at high potential (+2.17 V) resulting in an 
emissive state of primari ly ligand-centred character,6i'62 rather than the MLCT emission 
seen for the ruthenium analogue.i^ This means that whilst [Ru(bpy)3]2+ is a strong 
photoreductant, [lr(bpy)3]3* acts as a strong photooxidant. A n example of these 
properties can be seen when these two types of complexes are combined to create an 
electron shuttling system i n an attempt to mimic the naturally occurring processes 
wi th in photosjnithesis.^s 
Following the init ial studies on [Ir(bpy)3]3+, alternative binding modes for one of the 
2,2'-bipyridine ligands were reported.^ ' ' There was some debate over the exact nature 
of the binding involved, w i t h monodentate binding of bpy accomparued by a water 
molecule in the sixth site being the first suggestion (Figure l la) .^^ A variation of this 
explanation involved the addition of water to the bipyridine ligand itself before 
binding to the i r i d ium centre (Figure l l b ) . 6 5 Finally, after dismissing the earlier 
explanations based on experimental evidence, i t was determined, partially f r o m N M R 
data, that the bipyridine ligand was botmd through one nitrogen atom and the carbon 
atom in the 3-position (Figure l l c ) . ^ ^ This is an example of cyclometalation and, 
although rare for N ^ N bidentate ligands, i t is very common i n ligands which contain a 
benzene r ing attached to a functional group containing a coordinating donor atom, 
usually nitrogen. 
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Figure 11 Alternative binding modes proposed for [Ir(bpy)3]^* 
1.4 Cyclometalation by 2-phenylpyridine ligands 
2-Phenylpyridine (ppyH) is a ligand which is structurally similar to 2,2'-bipyridine but 
binds to the metal ion via the nitrogen atom and can cyclometalate through the carbon 
atom at the 2-position i n the adjacent benzene ring. This l igand has a tendency to fo rm 
binuclear dihalo-bridged metal complexes when reacted w i t h metal chloride salts, such 
as those of i r idi iun* ' and rhodium^o. These dimeric species can be reacted on further to 
obtain complexes containing three ppy ligands (Figure 12). The excited state properties 
of the prototypical complex [lr(ppy)3] were first reported in 1985.71 This is a charge 
neutral complex as the ppy ligand can be considered as binding to the central i r id ium 
atom via a carbanion: cyclometalation is accompanied by deprotonation of the 
cyclometalating carbon. The strong o-donating effect of the metal-carbon bond 
increases electron density at the metal centre and hence makes i r id ium(l l l ) more 
oxidisable, favouring MLCT transitions i n complexes of this type.^^ A t the time of 
discovery, [Ir(ppy)3] was one of the strongest treinsition metal photoreductants 
reported.7i 
Figure 12 Synthesis of [Ir(ppy)3] from dichloro-bridged dimer [Ir(ppy)2Cl]2 
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1.5 Iridium complexes with 
2,2'-bipyridine ligands 
both 2-phenylpyridine and 
We have seen that [Ir(bpy)3]3+ is a stiong photooxidant w i t h LC emission 
characteristics, whilst [ lr(ppy)3] is a powerful photoreductant w i t h MLCT emission 
characteristics. By creating complexes w i t h a combination of both ppy and bpy ligands 
it is possible to produce complexes w i t h intermediate properties. 
1.5.1 [lr(ppy)2(bpy)r 
Watts et have investigated i n detail the photophysical properties associated w i t h 
the complex [Ir(ppy)2(bpy)]-^ containing both cyclometalating and N ^ N coordinating 
ligands (Figure 13). Their init ial synthesis^ of this system was carried out by cleaving a 
dichloro-bridged diiridixun cyclometalated precursor w i t h 2,2'-bipyridine using a 
method previously used by Nonoyama for a similar rhodium complex-^e Whilst there 
are two isomers that could possibly be produced, comparison w i t h available structural 
data obtained for similar complexes pointed to the single isomeric fo rm containing 
cisoid metal-carbon bonds.72 CrystaUographic data was later reported for the dichloro-
bridged dimer77 and subsequent literature on related compounds confirms that the 
cisoid relationship of the metal-carbon bonds is indeed retained upon the binding of an 
N ^ N coordinating ligand such as 2,2'-bipyridine.78 The metal-carbon bonds exert a 
stiong trans influence on the complex which results i n the Ir-N(bpy) bonds being 
significantly longer than the Ir-N(ppy) bonds. 
Figure 13 [Ir(ppy)2(bpy)]+ 
Preliminary results^ on [Ir(ppy)2(bpy)]+ f rom Watts et al showed that oxidation at the 
i r id ium centie occurred much more readily i n [lr(ppy)2(bpy)]+ than in [Ir(bpy)3]3+, w i th 
the bpy ligand being more easily reduced than the ppy ligand. A t 77K, a broad 
stiuctureless emission was observed which was thought to arise f r o m two 
_xmequilibrated MLCT states w i t h very similar lifetimes. I t was postulated that the 
lower energy MLCT tiansition wou ld involve election tiansfer to the n* orbital of the 
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bpy ligand, whilst the higher energy MLCT state w o u l d involve the ppy Ugand. Whilst 
the non-equihbration of these states covdd have been attributed to a lack of electionic 
coupling, this was deemed unlikely and instead nuclear distortions were identified as 
the cause.5'72 The MLCT nature of the transition was supported by the investigation of 
solvatochroism,74 whilst excited state absorption spectioscopy^a and experiments 
involving direct excitation using a dye laser^s confirmed that the lowest energy 
transition involved the bpy ligand and allowed resolution of the two emissive 
components that were initially suggested. A t room temperature, i t was fo imd that 
emission f r o m the lowest bpy based MLCT state dominated.^s 
Throughout the investigation into the photophysical properties of [lr(ppy)2(bpy)]+, 
comparison has been made w i t h the rhodium analogue [Rh(ppy)2(bpy)]^. 
Rhodium(lII) is also a d* transition metal and is hence able to f o r m similar complexes 
to i r id ium when combined w i t h cyclometalating ligands.^o However, the 
photophysical properties observed for the rhodium analogue are distinctly 
different.5'79-8o VVhUst the presence of two ppy ligands does allow for easier oxidation 
of the overall complex, unlike the i r id ium analogue, low temperature emission for 
rhodium has largely LC characteristics rather than being of MLCT origin. The single 
emission observed arises f r o m a n-n* excited state associated w i t h the ppy ligand, but i t 
is suggested that there may be a smaU extent of mixing w i t h M L C T state also involving 
the ppy ligands.79'80 A t room temperature however, only very weak and short l ived 
emission is observed, reportedly due to deactivation of the LC excited state via a low 
lying M C state.79 
1.6 Iridium and rtiodium complexes containing functionalised 
N^N and C^N coordinating ligands 
By varying or fvinctionalising the N ^ N and/or C-^N coordinating ligands i n complexes 
w i t h the general formula [M(C'^N)2(N'^N)]* where M is i r id ium(l l l ) or rhodivim(III), 
tailoring of the photophysical properties can be achieved. This enhances the possibility 
of these complexes f inding practical application. A good example of this is a recent 
report by Slinker et al who, by attaching two tert-hutyl groups to a 2,2'-bipyridine 
ligand, have created an emissive i r id ium complex which displays attractive properties 
when tested in a single layer organic light emitting device.^i 
Preliminary investigations by Watts et a/82 saw the int ioduction of election donating 
methyl groups to the ppy ligand (Figure 14). When either of these ligands was 
combined"in an i r i d i i m i complex w i t h bpy as the th i rd ligand, an increase in electron 
density was fovmd at the metal centie, which should facilitate MLCT tiansitions. 
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However, the poorer n-accepting ability of the methylated ppy ligand coxmteracts this, 
w i th the overall effect being one of very Uttie change in the energy of MLCT transitions 
when compared to the unsubstituted parent complex. However, the presence of the 
methyl groups does enhamce the photoreducing power of the complex. 
Figure 14 Methylated ppy ligands 
A n early rhodiiun example^a exchanges the bpy ligand for either 1,10-phenanthroline 
(phen) or 2,2'-biquinoline (biq) (Figure 15). Emission was stiU reported to arise f rom a 
predominantly LC state, but whilst the lowest excited state for the phen complex 
involved the ppy ligands, as is the case for the bpy analogue, for the biq-containing 
complex this state involved the biq ligand itself. This arises due to the existence of 
several closely spaced levels of different orbital nature. 
Figure 15 N'^ N binding ligands 1,10-phenanthroline (phen) and 2,2'-biquinoline (biq) 
1.6.1 Iridium complexes with functionalised 2,2'-bipyridine based ligands 
A n alternative way to functionalise 2,2'-bipyridine based ligands for this type of 
i r id ium complex is to attach a phenyl group to the 6-position of either one78,84-86 or 
both^fi of the pyr idy l rings. When combined w i t h two C^N coordinating ligands these 
N^N'^C ligands are stiLU fovmd to bind to the central i r i d ium atom in a bidentate 
manner via the two nitrogen atoms present. Addit ional functional groups can then be 
incorporated at other positions around the 2,2'-bipyridine structure. Examples of these 
ligands are summarised in Table 1. 
Complexes containing this N^N-phenyl ligand w i t h hydroxyl , chloro, methyl and 
carboxylate substituents at the para-position of an intermediate phenyl r ing (Table 1 
(i)-(iv) respectively) show how substitution can be used to fine tune the position of the 
emission maximtmi f r o m these complexes.^s However, a more dramatic effect can be 
seen i f the three complexes containing carboxylate groups are considered (Table 1 (iv)--
(vi)). By attaching the carboxylate group directly to one of the pyr idy l rings i n the 
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N^N-phenyl ligand, the electron withdrawing effect is markedly increased, w i t h a red 
shift of the M L C T emission band to 735 ma.^ By making the carboxylate more remote, 
the emission maxima becomes blue shifted to 606 rrni.^ 
Entry Substituent X Aem / n m Ref. 
(i) 620(a) 78 
(ii) 645 (a) 78 
(iii) 
Me 
630 (a) 78 
(iv) 
COOH 
<> 
660 (a)/640 (b) 78,84 
( V ) 
COOH 
1 735 (b) 84 
(vi) 
^ ^ ^ ^ - ^ ^ ^ C O O H 
606 (b) 84 
Table 1 Emission Maxima of [Ir(C'^N)2(N'^N)]+ complexes with 6-phenyl-substituted 
2,2'-bipyridine ligands: (a) degassed MeCN 298K, (b) degassed CH2CI2 298K. 
A l l of these iridivmi complexes containing N'^N-phenyl Ligands were initially reported 
to exhibit MLCT emission characteristics. However, more recent work has identified 
that the presence of the phenyl group may promote charge transfer transitions taking 
place f r o m the ppy Ugand to the bipyridine ligand.^^ This w o u l d be classed as a 
ligand-to-ligand charge transfer (LLCT) transition and may account for the difference 
i n emission maxima seen for complexes such as those discussed here and those 
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containing bpy ligands without the extia phenyl r ing (for example, [Ir(ppy)2 
(4'-(4"-bromo-phenyl)-2,2'-bipyridine)]+ which emits w i t h MLCT characteristics at 
611 n m in degassed acetonitiUe at 298K88). 
Alternatively, i t is possible to attach two phenyl groups at the 6- and 6'-position of 
2,2'-bipyridine to produce symmetiical ligands (Figure 16). These complexes, 
[lr(ppy)2(ph-N'^N-ph)]+, are reported to emit f r o m MLCT states of increased energy 
compared to the complexes previously discussed (Table 1). This is attributed to a 
reduction in planarity and hence destabUisation of the MLCT state.^^ 
Figure 16 6,6'-Diphenyl-substituted 2,2'-bip5n"idine ligands 
1.6.2 Complexes with N^ N coordinating ligands other than 2,2'-bipyridine 
The dichloro-bridged dimeric i r id ium and rhodi imi species discussed can be cleaved to 
fo rm monometallic complexes using a number of different N ' ^ N coordinating species, 
not just 2,2'-bipyridine. For instance, the ligands 1,4,5,8-tetraazaphenanthrene (TAP) 
(Figure 17a) and 1,4,5,8,9,12-hexaazatiiphenylene (HAT) (Figure 17b) have been used, 
w i th reports of [lr(ppy)2(HAT)]+ displaying dual emission similar to [Ir(ppy)2(bpy)]+ at 
low temperature, and [Rh(ppy)2(HAT)]+ and [Rh(ppy)2(TAP)]-' displaying single 
emission. Unlike the bpy analogue however, emission f r o m these rhoditun complexes 
is of charge tiansfer nature, w i t h donation f r o m the Rh-C o-bond to the H A T or TAP 
ligand (SBLCT).89 
(a) 
Figure 17 Structure of (a) 1,4,5,8-tetraazaphenanthrene (TAP) and (b) 1,4,5,8,9,12-
hexaazatriphenylene (HAT) 
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Recent work by De Cola et a/'o-^i makes use of a negatively charged phenyl-substituted 
pyridyl-l,2,4-triazole ligand (Figure 18) as the N ' ^ N coordinating species to create 
overall charge neutral i r id ium complexes which emit in the "almost blue" region.'o 
Figure 18 2-(5-PhenyI-4H-[l,2,4]triazol-3-yI)-pyridine 
Included wi th in this work is a discussion of the electron wi thdrawing effect of fluorine 
and tr if luoromethyl groups on the phenyl r ing of the ppy ligand.'" They report that 
the i r id ium complex w i t h fluorine substituents at the 3- and 5-position of the phenyl 
r ing of ppy (Table 2 (b)) displays a considerable blue shift i n emission compared to the 
non-fluorinated complex (Table 2 (a)), whilst barely any change is noted for 
2,4-fluorine substituted complex (Table 2 (c)). This is attributed to the double electron 
withdrawing nature of the fluorine atom. Combining both the inductive and 
mesomeric electron wi thdrawing effects of fluorine results i n an electron deficiency at 
sites which are meta to the fluorine atom. In the case of the 3,5-substitution pattern, this 
means that the site of cyclometalation becomes electron deficient and thus the 
o-donating ability of the ppy ligand is reduced. This is seen as an increase in the 
energy of the MLCT state and a blue shift i n the emission maxima. For the 2,4-
substitution pattern there is little change i n the electron density at the site of 
cyclometalation meaning that emission characteristics remain imchanged. 
Q a 
(a) 
Q a i 
) =N N ^ Y ^ 
(b) 
>=N ^ N ^ Y ^ 
(c) 
489 run and 517 nm 461 nm and 491 nm 484 n m and 518 nm 
Table 2 Fluorinated iridium complexes investigated by De Cola et aP° and emission maxima 
given for solutions in CH2CI2 at 293K. 
Examples using tr if luoromethyl groups i n the same substitution patterns reveal very 
-different-results, w i t h the 3,5-substitution pattern inducing a red shift i n emission and 
the 2,4-substitution pattern delivering the blue shift this time. This is due to the 
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tr if luoromethyl group only wi thdrawing electron density via an inductive effect.^" 
The high energy MLCT state for the i r id i tmi complex w i t h fluorine substituents at the 
3- and 5-position of the phenyl r ing of ppy (Table 2 (b)) has led to its use as a sensitiser 
for europium in a d-f-d tritnetalUc assembly.'^ A pyridyl-l,2,4-tiiazole ligand wi th a 
pendent carboxylate group is pre-synthesised and bovmd to i r id ium, facilitating the 
linkage to a europium terpyridine based complex. Upon photoexcitation, emission of 
white light is observed due to partial energy tiansfer f r o m the excited i r id ium moiety 
to the europium complex. 
1.6.3 Development of [M(C^N)2(N^N)r complexes for use in biological 
labelling studies 
By fimctionahsing [M(C'^N)2(N'^N)]+ type complexes w i t h isothiocyanate, 
iodoacetamide, amine or aldehyde groups, i t is possible to create linkages to biological 
substiates and thus create luminescent bioconjugates.92-97 As previously discussed, the 
intense long lived Iviminescence f r o m such systems is attractive as i t allows 
discrimination f r o m backgrovmd fluorescence via time resolved detection techniques. 
This can be used as a method of labelling and has f o i m d use i n a nimiber of 
heterogeneous assays.5'3'H97 
1.6.3.1 Isothiocyanate, iodoacetamide and amine functionalisation 
Initial examples involve the fimctionalisation of a bpy or phen ligand w i t h 
isothiocyanate, iodoacetamide and primary amine groups.92,93 Combining these 
ligands in i r id ium complexes wi th two ppy ligands (Figure 19) produces MLCT 
emission f r o m a state involving the N ' ^ N coordinated ligand. The election-
withdrawing effect of the isothiocyanate and iodoacetamide groups results i n emission 
at lower energy than for the amine example. The presence of isocyanate and 
iodoacetamide groups allows for reaction w i t h primary amine and sulfhydryl groups 
of biological substiates respectively. The phen complexes were reportedly coupled to 
human serum albumin (HSA) in this manner and provide the first excimples of i r id ium 
polypyr idyl complexes as labelling molecules for biological molecules.^z 
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(a) 
R = N C S 
NHCOCH2I 
NH2 
Figure 19 Iridium complexes with isothiocyanate, iodoacetamide and primary amine 
substituents for coupling to biological molecules 
Further investigations into the effect of varying the C^N coordinating ligand have been 
carried out.^3 The C ^ N ligands investigated (Figure 20) were combined w i t h the bpy 
and phen substituted ligands previously discussed to create a large series of new 
luminescent i r id ium complexes. 
(b) 
Me 
Figure 20 C^N coordinating ligands investigated by Lo et aP^: (a) 2-(4-methylphenyI)-
pjrridine (mppy), (b) 3-methyl-l-phenylpjTazoIe (mppz), (c) 7,8-benzoquinoline (bzq) and 
(d) 2-phenylquinoline (pq) 
Particular attention was drawn to complexes containing the 2-phenylquinoline (pq) 
ligand (Figure 20d) where emission characteristics were independent of the nature of 
the N ^ N coordinating ligand. This suggests that some LC or MLCT tiansitions 
involving the pq ligand are involved i n creating the emissive excited state. Also of 
interest was the 7,8-benzoquinoline (bzq) (Figure 20c) series of complexes, where 
excited states of the bpy-NH2 complex involved the bzq ligand, whilst for bpy-NCS i t 
was the bpy ligand that was implicated. This was attributed to the increased 71-
acceptor qualities of bpy-NCS lowering the energy of MLCT involving the bpy ligand. 
Complexes containing ppy or pq ligands and isothiocyanate-substituted bpy or phen 
ligands were used to label proteins HSA and avidin. Having successfully created these 
luminescent bioconjugates, the [Ir(pq)2(phen)]-avidin conjugate was used in a 
competitive heterogeneous assay for digoxin, a potent cardiac glycoside commonly 
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prescribed for the tieatment of patients suffering f r o m congestive heart failure. In the 
assay the digoxin analyte competes w i t h an immobilised digoxin derivative for the 
binding of a biotinylated anti-digoxin. The labelled avidin conjugate is used to 
recognise the immobilised biotinylated anti-digoxin.^^ 
16.3.2 Aldehyde functionalisation 
Creating similar complexes w i t h aldehyde substituents provides an alternative way of 
labelling biomolecules. The first report of this sort involves the use of the 
cyclometalating ligand 4-(2-pyridyl)benzaldehyde (pba) i n i r id ium complexes 
containing a bpy or phen type ligand (Figure 2 1 ) . C o m p l e x e s of this type all give 
structured emission profiles at room temperature w i t h a higher emission energy than is 
seen for the ppy analogue. A long-Uved single exponential lifetime of emission is also 
observed. This suggests that emission arises predominantiy f r o m the LC n-n* state 
associated w i t h the pba Ugand. The election-withdrawing effect of the aldehyde group 
makes the iridivun centie less election rich thus making oxidation of i r id ium more 
dif f icul t than in analogous ppy complexes. 
Figure 21 [Ir(pba)2(bpy)]* 
Bioconjugates incorporating these complexes are created via the coupling of the 
aldehyde group w i t h a primary amine, fol lowed by reductive amination to yield a 
secondary amine Linkage. This has allowed the successful labelling of L-alanine and 
avidin. Again, an avidin labelled conjugate has been used i n a heterogeneous 
competitive assay involving the recognition of biotin.^'* 
Rhoditmi analogues containing pba ligands in conjunction w i t h bpy or phen type 
ligands have been investigated^^ and also exhibit stiuctured emission profiles 
associated w i t h a pba LC state. Unusually long-Uved emission is reported wi th 
lifetimes of 4.2 - 8.7 ]is at room temperature compared to < 10 ns for the related ppy 
complex. Again the election-withdrawing effect of the aldehyde group is reportedly 
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responsible for these results. Successfvd coupling to bovine serirni albumin (BSA) has 
been carried out^s but although the long luminescent lifetime is a very attractive 
property, the rather poor quantum yield of emission associated w i t h these complexes 
may l im i t their use as labels w i t h respect to i r id ium analogues. 
The examples discussed so far have incorporated the aldehyde group in the ppy 
ligand. However, recent work has also studied related complexes containing an 
aldehyde group in the 2,2'-bipyridine Ugand.^^ This can then allow for linkage to 
biomolecules^^ via the same coupling procedure as for the ppy cases above. 
The N ^ N coordinating Ugand 4-formyl-4'-methyl-2,2'-bipyridine (Figure 22) has been 
used i n conjvmction w i t h a series of different C^N coordinating ligands to create 
strongly luminescent i r id ium complexes.'* In the majority of cases emission was 
reported to arise f r o m an MLCT state involving the bpy ligand. Complexes containing 
methyl-substituted ppy Ugands displayed lower energy emission due to stabilisation of 
the MLCT state f r o m the electron-donating effect of the methyl groups. However, as 
was the case for similar complexes which have been previously discussed'^, the 
presence of 2-phenylquinoline (pq) Ugands gave emission w i t h a substantial 
contribution f r o m a pq LC state. 
Figure 22 4-Formyl-4'-methyl-2,2'-bipyridine 
These complexes have been successfully coupled via the aldehyde group to allow both 
limirnescent labelling of BSA,'* and direct linkage to a biotin moiety.'^ In the latter case 
a number of assays and luminescence titrations have been carried out. 
1.7 Synthesis of C^N and N^N coordinating ligands 
I t is apparent f r o m the examples discussed in the preceeding sections that i t is 
necessary to elaborate on the basic bpy and ppy ligands i n order to tailor the 
photophysical properties of their transition metal complexes and hence create 
candidates for practical applications. Attention w i l l now turn to methods for the 
-synthesis of such ligemds, beginning wi th weU established classical routes and moving 
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on to more recent metal catalysed cross-coupling approaches. 
1.7.1 Classical Syntheses 
1.7.1.1 Ring closing reactions 
The Hantzsch synthesis of pyridines involves the condensation of two keto-ester 
molecules w i t h an aldehyde i n the presence of ammonia. The reaction proceeds via an 
aldol reaction between the enol or enolate fo rm of the keto-ester and the aldehyde. The 
resulting adduct undergoes a conjugate Michael addition w i t h another keto-ester 
molecule, which is fol lowed by cycUsation wi th ammonia to yield a dihydropyridine. 
Oxidation, saponification and decarboxylation of this intermediate compound leads to 
the production of a substituted pyr idyl r ing (Figure 23). The Tschitschibabin 
synthesis'^ follows a similar route but requires harsh conditions to promote the one pot 
reaction of two ketones w i t h an aldehyde in aqueous ammonia. 
? Y ? 
O 
O R ' 
R^ ii) CaO, heat 
HNO3, H2SO4 
i) KOH, H2O R^O 
0 R 2 
dihydropyridine 
Figure 23 Hantzsch synthesis of pyridines 
The Krohnke synthesis^^Aoo is an adaptation of the above syntheses w i t h considerable 
advantages. In this case a pyr id in ium salt is treated w i t h ammonium acetate i n glacial 
acetic acid and an unsaturated ketone to give a 1,5-diketone via a Michael addition. 
The diketone is rarely isolated and instead tmdergoes r ing clostue w i t h the ammonium 
acetate to give a substituted pyridine (Figure 24). 
R2 
NH4OAC, AcOH 
py. 
-pyl 
-2H2O 
Figure 24 Krohnke synthesis'' 
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A significant advantage over the Hantzsch synthesis is the removal of the need for any 
dehydrogenation steps. In addition, much milder conditions can be employed than are 
required for the Tschitschibabin synthesis, which also demands that Ri and are 
equivalent. This is not the case for the Krohnke synthesis where R ,^ R^ and R3 can be 
varied enormously and are not restricted to being equivalent. I t can be seen that by 
allowing either of the R^ or W groups to be either a phenyl or py r idy l group, we have 
access to ppy and bpy type ligands respectively. In order to produce 2,4-disubstituted 
pyridine rings i t is possible to use R^ as a carboxylate group which may be thermally 
removed fo l lowing r ing closure. This type of reaction allows for the synthesis of a 
huge series of substituted pyr idy l based species.'^ 
1.7.1.2 N-oxide chemistry 
A n alternative approach, particularly for the synthesis of 4-substituted 2,2'-bipyridine 
ligands, involves building directly onto the back of 2,2'-bipyridine, which is a readily 
available starting material. However, pyridine is known to be resistant to electrophilic 
attack due to the electron-withdrawing nature of the nitrogen atom, so direct 
substitution reactions w i t h bpy do not provide a useful route to the desired ligands. 
Instead N-oxide chemistry is applied. 
I n 1940, i t was reported^"! that the dipole moment of pyridine-l-oxide was 
substeintially lower thcin was expected and was attributed to the resonance structures 
shown i n Figure 25. This led to the belief that pyridine-l-oxide should be more 
susceptible to electrophilic substitution at the 2 and 4 positions than pyridine itself. 
Indeed this was proved to be the case by performing a simple nitration reaction, w i th 
the 4-nitro-pyridine-l-oxide product being found to be very reactive at the nitro 
gToup.102 As the nitro group was easy to reduce and readily displaced by nucleophiUc 
reagents, a series of substituted pyridine-l-oxides was produced. 
1 
0 
0 
II 
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0 
Figure 25 Resonance structures of pyridine-l-oxide 
This methodology was applied to 2,2'-bipyridine to create an N,N-oxide (Figure 26a) 
which subsequentiy allowed the synthesis of a number of disubstituted bipyridine-1,1'-
dioxides, incorporating amino, methoxy, ethoxy, phenoxy, carbethoxy and 
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carboxamido substituents by again taking advantage of a reactive 4-nitro group. It was 
reported that the N-oxide group could be selectively reduced using phosphorous 
trichloride yielding the appropriately substituted 2,2'-bipyridine.i03 
(a) (b) 
* = sites activated towards substitution 
Figure 26 (a) 2,2'-Bipyridine-N,N'-oxide and (b) 2,2'-bipyridine-N-oxide 
In order to create singly substituted 2,2'-bipyridyl species by this approach i t is 
necessary to first generate a 2,2-bipyridine-l-oxide (Figure 26b) i n which only one of 
the two pyridine rings is activated. This was originally attempted via reaction wi th 
hydrogen peroxide^** but was found to lead to a mixture of N-oxide products. In 1970 
i t was reported that N-oxides of a series of amines could be produced in excellent 
yields via a simple reaction w i t h m-chloroperoxybenzoic acid (mcpba).i''5 The similar 
use of mcpba w i t h 2,2'-bipyridine was subsequently foxmd to provide a superior route 
to 2,2'-bipyridine-l-oxide.^''6 Having produced this species, analogous nitration 
reactions to those reported for the N,N-dioxide systems are possible and allow the 
introduction of a nvunber of fxmctional groups.i"""^ 
1.7.2 Synthesis via metal catalysed cross-coupling reactions 
Metal catalysed cross-coupling reactions are among the most straightforward and 
general of methods now available for the formation of carbon-carbon bonds. However, 
this has not always been the case. For instance, the sjmthesis of biaryl species via the 
condensation of two molecules of an aromatic halide i n the presence of copper, known 
as the Ul lmann reaction,""-"! requires extremely severe reaction conditions, leading to 
functional group intolerance. In particular, this reaction produces low yields when 
used for the synthesis of bipyridines."^ More recentiy, metal catalysed cross-coupling 
reactions employing milder conditions and improved yields have been reported: 
examples using paUaditmi-based catalysts are discussed here. 
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1.7.2.1 Palladium catalysed cross-coupling reactions 
In the mid-1970's several groups reported independent yet simultaneous studies of a 
series of palladivmi catalysed cross-coupling reactions for C-C bond formation."3 Most 
of these reports adopt a three-step catalytic cycle as the mechanism for the coupling, 
involving oxidative addition, transmetalation and reductive elimination steps (Figure 
27). 
Ar - Ar' 
Reductive 
Elimination 
Ar' - Pd 
Oxidative 
Addition 
X - P d 
Transmetalation 
Figure 27 General palladium(O) catalysed cross-coupling cycle 
1.7.2.1.1 Negishi cross-coupling reaction 
The Negishi cross-coupling reaction involves the coupling of an organozinc compotmd 
w i t h an aryl halide or tiiflate catalysed by paUadium(O). This provides a general and 
mi ld procedure for the preparation of imsyrrunetrical biaryl systems."* Hetero-
couplings of this type involving phenylzinc chloride have been reported to produce 
less of the imwanted homocoupled biphenyl side product than in systems using 
magnesium and aluminium. A further advantage is the tolerance of functional groups 
such as nitrile and ester groups. The cross-coupling reaction proceeds readily at room 
temperature i n the presence of phosphine-containing paUadixmi catalysts to produce 
numerous mixed biaryl products."* 
This reaction has been extended to include the synthesis of polypyr idyl species capable 
of chelating to a central metal ion. For instance, conversion of 2-bromopyridine into 
the appropriate organozinc compound, fol lowed by coupling w i t h a substituted 
pyr idy l tiiflate i n the presence of a palladium catalyst yields a substituted 2,2'-
bipyridine (Figure 28)."s Additionally, reaction of the same organozinc species w i t h 
dibrominated b ipyr idy l species can lead to the production of terpyridyl and 
tetiapyridyl products (Figure 28). 
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Pd{0) 
Figure 28 Negishi cross-coupling reactions to synthesise polypyridyls"5,ii6 
1.7.2.1.2 Stille cross-coupling reaction 
In the Stille cross-coupling reaction, a palladium complex is used to catalyse the 
coupling of a tetraorganotin compound w i t h a benzyl- or arylhalide."^ Whilst this can 
also be a high yielding and fimctional group-tolerant preparation of biaryl systems, i t 
is wor th noting the toxic nature of the t in compovmds involved."^ 
Mono-pyridyl rings containing complementary tiimethylstaimyl- and bromo-groups 
can be coupled in the presence of catalysts such as Pd(PPh3)2Cl2 to generate 2,2':6',2"-
terpyridine products," ' whilst b ipyr idyl species w i t h similar substituents couple to 
give rise to larger oligopyridines."9,i2o These reactions provide short and direct routes 
to polypyr idyl species i n good yields. 
A series of work^^i-iza carried out by Sauer et al docimients the use of a [4+2] 
cycloaddition reaction between a series of triazines and tributylethynyl t in to generate 
polypyr idyl species containing pendent t in substituents (Figure 29). These products 
are used as reagents i n the Stille reaction to introduce substituents such as pyrimidine 
or thiophene to the polypyridyl backbone.121 This'LEGO' system has been extended to 
the sjmthesis of branched oligopyridines containing up to 14 pyridine xmits.i22,i23 
-SnBui 
SnBus 
SnBus + 
86% 
Figure 29 [4+2] Cycloaddition to create tin-substituted bipyridyl speciesi2i-i23 
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1.7.2.1.3 Sonogashira cross-coupling reaction 
The palladium catalysed cross-coupling of an arylhalide or aryltriflate w i t h an 
ethynylated aryl compound forms the basis of the Sonogashira reaction.124 The active 
catalyst can be generated in situ by combining the palladium complex w i t h a copper 
species such as Cul . This can lower the temperature required for the coupling reaction 
to proceed. 
The Sonogashira reaction can be used for the elaboration of py r idy l based compounds. 
Ethynyl-substituted bipyridines can be coupled w i t h bromo- or tiiflate-functionalised 
bipyr idyl or terpyridyl subunits using a Pd(PPh3)4 catalyst to create systems where two 
polypyr idyl units are linked via an acetylenic bridge (Figure 30).125 By reacting a bis-
substituted ethynylbipyridine w i t h similar reagents, three chelating imits can be 
bridged i n the same manner.126 Indeed, this procedure has been adopted for the 
synthesis of a variety of pyridyl-based pre-organised polytopic ligands suitable for the 
chelation of a number of metal centies.127 In addition, Sonogashira couplings involving 
1,10-phenathroline and 2,2'-bipyrimidine ligands have given rise to sophisticated 
bridging ligands allowing for the construction of mtdtimetaUic systems.128-129 
TMS.Pd 
ii KF / MeOH 
Figure 30 Sonogashira coupling on hipyiidyl species^^ 
1.7.2.1.4 Suzul<i-Miyaura cross-coupling reaction 
The Suzuki-Miyaura cross-coupling reactionist involves the paUadivmi catalysed 
coupling of an organoboron compotmd w i t h an organic halide or tiiflate. This reaction 
proceeds via the aforementioned catalytic cycle (Figure 31), w i t h oxidative addition 
often being the rate l imi t ing step. The mechaiusm involved in the transmetalation step 
is not completely understood but i t is thought that i t is accelerated by the presence of a 
base such as sodium or potassiimi carbonate, phosphate, hydroxide or alkoxide in one 
of two ways. In the first, the base interacts w i t h the'boron compound making i t more 
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nucleophilic; i n the second the base acts directly upon the palladiirm(II) species 
present. Advantages of the Suzuki-Miyaura reaction include ftmctional group 
tolerance, low toxicity and the ease wi th which starting materials can be handled."^ 
Ar - Ar' 
Reductive 
Elimination 
Oxidative 
Addition 
Ar' - Pd" - Ar X - Pd" - Ar 
Transmetalation 
B(0H)3 + KX Ar'-B(0H)2 + KOH 
Figure 31 Catalytic cycle for the Suzuki-Miyaura cross-coupling reaction 
Substituted bipyridines and 2-phenylpyridines have been produced using this reaction. 
The catalyst Pd(dppf)(OAc)2, where dppf = l,l'-bis(diphenylphosphino)ferrocene, is 
able to catalyse the production of 3,3'- and 3,4'-bipyridines using the relevant 
pyridineboronic acid.^32 Chloropyridines can be coupled w i t h benzeneboronic acid i n 
the presence of potassium carbonate and Pd(PPh3)4 to yield 2-phenylpyridine i n 
excellent yields, a method that can be adapted to allow the incorporation of 
tr if luoromethyl, n i t io , methyl and methoxy substituents i n the f inal ligand (Figure 
32).133 This is an attractive result as chloropyridines are more widely available and 
cheaper than their bromo- or iodo- cotmterparts, which are usually more successful in 
Suzuki reactions w i t h conventional catalysts. 
N ' X I 
DME/H2O 
K2CO3, Pd(PPh3)4 
3 RI 
B(0H)2 
Figure 32 Suzuki-Miyaura reaction for the synthesis of substituted 2-phenylp)n-idinesi3' 
Alternatively, i t is possible to take an already formed polypyr idyl ligand wi th an 
attached bromo-substituent and perform a Suzviki-Miyaura reaction to elaborate on the 
ligand and introduce new functionality. This approach has provided a route for the 
-developments of 2,2':6',2"-terpyridine ligeinds appended w i t h diphenylamino, 
dimethylamino, amino, cyano, n i t io and aldehyde substituents.134,135 Jn these instances 
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a Pd(PPh3)4 catalyst was employed in the presence of sodium carbonate base in either 
THF or D M E solvent (Figure 33). 
Ar-B(0R)2 
Pd{PPh3)4, NajCOa, DME 
CN NIVleo NPh2 
Figure 33 Suzuki-Miyaura cross-coupling reaction for the elaboration of terpyridine 
ligandsi34435 
1.7.2.2 Cross-coupling reactions on ligands once bound to a metal centre 
Whilst the m i l d conditions and functional group tolerance of metal catalysed cross-
coupling reactions have certainly proven usefvd for the synthesis of elaborate 
polypyridyl and cyclometalating ligands, all examples discussed so far have involved 
the pre-synfhesis of the ligand which wovdd then require binding to a metal centre. 
However, the incorporation of additional functional groups into these ligands may 
complicate the complexation procedure; i f an alternative metal binding site is available, 
for instance. There is some evidence for this type of behaviour when the synthesis of a 
ruthenium complex of 2,2':4',4"-terpyridine is attempted.* I t is suggested that at low 
temperatures, the poor yield of desired complex is due to the formation of a kinetic 
product involving coordination to the ruthenium via the pendent pyr idyl group 
(Figure 34). 
[Ru(bpy)2Cl2] 
ethanol (aq) 
(bpy)2Ru 
llj thermodynamic product K^fi 
+ (bpy)2Ru l<inetic product 
"Figure 34 Thermodynamic vs kinetic binding of 2,2':4*;4"-terpyridine<' 
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One method which can be used to avoid this situation is to use cross-coupling reactions 
to elaborate upon ligands after they have been bound to a metal centie. This involves 
carrying out cross-coupling reactions on appropriately substituted metal complexes. 
Work carried out by Tor et al looks at the use of the Sonogashira reaction for this 
purpose. I t is possible to cross-couple a pre-complexed bromo-substituted 
1,10-phenanthroline ligand w i t h phenylacetylene in the presence of a palladium 
catalyst (Figure 3 5 ) . i n fact, the author reports that i t is easier to work w i t h the 
ligand after i t has been bovmd to ruthenium as the nitrogen atoms are effectively 
protected f r o m reacting. Additioncdly, the election-withdrawing nature of the metal 
facilitates the oxidative addition of palladium across the phenanthroline-bromine 
bond."7 This method has been extended to allow the incorporation of metal complexes 
into oligonucleotides.138,139 
Pd(0) 
(bpy)2 (bpy)2 
Figure 35 Sonogashira reaction to elaborate on ligands after complexationi^s 
Boronic ester or acid compounds for use in the previously described Suzuki-Miyaura 
reaction can be synthesised via the Miyaura reaction,^*" which couples an aryl halide 
w i t h a diboronic ester such as bis(neopentylglycolato)diboron (Figure 36) i n the 
presence of a palladium catalyst and base via the usual catalytic cycle. 
B—B 
Figure 36 Bis(neopentyIglycolato)diboron [B2neo2] 
This reaction has not only been used to produce boronic ester substituted 
2,2':6'2"-terpyridine Ugands, but also to create analogous metal complexes by carrying 
out the cross-coupling reaction on the back of the ligand after i t has been coordinated 
to ruthenitmi.141 This then provides the opportunity to investigate the use of the 
Suzuki-Miyaura reaction for the coupling of aryl hahdes w i t h boronic ester/acid 
substituted metal complexes (Figure 37), alongside the opposite situation where a 
bromo- or tiiflate-substituted metal complex can be reacted w i t h an aryl boronic acid 
(Figure 38). Both of these routes utilise standard Suzuki-Miyaura conditions and are 
successful i n providing a way to elaborate upon the Ugand in situ. The latter method 
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has also been applied to the elaboration of i r i d i imi 2,2':6',2"-terpyridine complexes and 
has been used for the introduction of cyano and dimethylamino fxmctional groups.i*^ 
Ru 
(ttpy) 
Pd{PPh3)4 
NaaCOa (aq), DME-EtOH 
Ru 
(ttpy) 
Figure 37 Suzuki-Miyaura reaction using a boronic acid substituted ruthenium complex"^ 
Ru 
(ttpy) 
M e ^ Me 
Pd(PPh3)4 
NazCOa (aq), DME-EtOH 
HO OH 
Me^ Me 
N 
^Ru 
(ttpy) 
Figure 38 Suzuki-Miyaura reaction using a bromo-substituted ruthenium complex^" 
1.8 l\/lultimetallic assemblies 
I t is possible to use molecular buUding blocks for the generation of large 
supramolecular arrays. I f transition metal complexes are used as the bui lding blocks, 
polynuclear complexes can be created via metal-ligand coordination bond formation. 
This allows the design of dendrimer systems consisting of sections which can absorb 
light, luminesce and/or display redox active characteristics. Careful consideration 
when designing such systems can lead to directional control of energy and electron 
tiansfer, and thus to applications i n molecular electronics, photochemical molecular 
devices, solar energy conversion and information storage.'' 
33 
1.8.1 'Complexes as metals, complexes as ligands' approach 
The 'complexes as metals, complexes as ligands' approach provides a powerfvd 
synthetic route for the synthesis of both homo- and heteronuclear multimetallic 
systems. I n this method, metal complexes w i t h easily replaceable ligands are used as 
synthetic equivalents to 'metals', whilst complexes containing ligands w i t h free 
chelating sites are used as 'complex ligands'.^ 
1.8.1.1 Bis(2-pyridyl)pyrazine (dpp) bridging ligands 
Much work has focused upon the use of this approach to generate ruthenium and/or 
osmium containing assembUes wi th either 2,3-bis(2-pyridyl)pyrazine or 
2,5-bis(2-pyridyl)pyrazine (Figure 39) or both as bridging ligands.^*^-^^^ 
(b) 
Figure 39 (a) 2,3-bis(2-pyridyl)pyrazine, (b) 2,5-bis(2-pyridyl)pyrazine 
The simplest example takes a ruthenivun complex containing one dpp type ligand as 
the 'complex ligand' and a Ru(N'^N)2Cl2 complex as the 'complex metal', where N ' ^ N 
can be 2,2'-bipyridine or 2,2'-biquinoline."3 Reaction of these components gives rise to 
a dinuclear ruthenium complex bridged by the dpp ligand and which can contain 
dissimilar N ^ N ligands if so desired. 
The species [(bpy)2Ru(dpp)]2Rua2 (I) (where dpp can be 2,3-dpp or 2,5-dpp) can be 
produced f r o m the reaction of RUCI3.3H2O and Ru(bpy)2(dpp)(PF6)2 and subsequently 
acts as a 'complex metal' itself (Figure 40). When reacted w i t h further quantities of a 
dpp ligand, the tiiruthenium species dimerises to f o r m a hexanuclear ruthenium 
complex (11)144 unless more contioUed experimental conditions are used, whereupon 
the two chlorine atoms can be replaced by a dpp ligand and a new 'complex ligand' 
can be isolated instead.i*^ 
Alternatively, the reaction of Rua3.3H20 w i t h Ru(bpy)(dpp)22+ i n the presence of acid 
generates a tetiaruthenium 'complex ligand' (III).!*^ This can be further reacted w i t h a 
Ru(N^N)2Cl2 species to create a heptanuclear complex (IV),1*6 or w i t h the previously 
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mentioned complex [(bpy)2Ru(dpp)]2Rua2 (I), giving rise to a complex containing 13 
ruthenium centres (V) (Figure 40). 
CI BL L-^ L-^ BI^ L 
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® metal centre (e.g. Ru) 
L bidentate N'^ N ligand 
BL bridging ligand (e.g. dpp) 
Figure 40 'Complexes as metals, complexes as ligands' approach using dpp bridging ligands 
Ru(dpp)32+ is another popular 'complex Ugand'i^ as it can easily form the central core 
in a dendritic system. Reaction with Ru(N^N)2Cl2 yields a tetraruthenium product 
where the N'^N species can be 2,2'-bipyridine, 1,10-phenathroline or 2,2':6',2"-
terpyridine.i'* '^ A similar reaction has been carried out starting from an osmimn dpp 
core allowing the production of a heterometaUic system.i^ o Alternatively, reaction of 
Ru(dpp)32+ with the triruthenium species [(bpy)2Ru(dpp)]2RuCl2 generates a 
decarutheniiim complex,!5i which as well as having been attempted with osmium 
analogues to generate heterometaUic species,i52 has also been successful in producing a 
complex containing both 2,3-bis(2-pyridyl)pyrazine and 2,5-bis(2-pyridyl)pyrazine as 
bridging ligands.i^s 
1.8.1.1.1 Control over the final composition of poly nuclear systems 
In order to introduce control over the structure of the final multrmetaUic assembly, a 
protection/deprotection procedure can be adopted using a singly methylated dpp 
ligand, 2-[2-(l-methylpyridiniumyl)]-3-(2-pyridyl)pyrazine (2,3-Medpp).i54 The 
process is outlined in Figure 41 and shows a tri-ruthenium species reacting with 2,3-
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Medpp, which only has one available bidentate binding site, to produce a single 
product. Subsequent deprotection via demethylation yields the desired 'complex 
ligand' [Ru(dpp)(bpy)2]2Ru(dpp) (VI) which may then be used in further reactions wi th 
suitable 'complex metals'. This has allowed the production of wel l defined hexameric 
species (VII) containing more than one type of metal and/ or bridging Ugand.^ss 
C I ^ C I 
B L - I 
BL 
I 
BL VI 
L - ^ L ^ B I ^ L 
@ 1st metal centre (e.g. Ru) 
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BL bridging llgand (e.g. dpp) Me' 
B L - | protected bridging llgand (e.g. 2,3-Medpp) 
c i - ^ c i 
BL BL ^L-QI 
3*-
L-4 WL 
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Figure 41 ProtectioiVdeprotection strategy using 2,3-Medpp for controlled synthesis of 
multimetallics 
Methylated dpp ligands also f i n d use in the divergent sjmthesis of dendrimer type 
systems. The required bifxmctional species, such as Ru(dpp)2Q2, undergo unavoidable 
self reaction and can produce dispersed and vmcontrolled nuclearities.^ By temporarily 
blocking the sites of chelation, a controlled and stepwise synthesis can be achieved. 
This is best shown pictoriaUy in Figure 42 and has allowed the generation of systems 
containing up to 22 metal centres (VIII) w i t h osmium or ruthenium metal centres.i56/i57 
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Figure 42 Divergent synthesis of dendritic species using the 'complexes as metals, complexes 
as ligands' approach 
1.8.1.2 Extension to bridging ligands other than dpp with a variety of metal 
centres 
The use of dpp type bridging Ugands has shown how useful the 'complexes as ligands, 
complexes as metals' approach is for the generation of large osnutun- and/or 
ruthenium-containing multimetaHic species. Such bridges have also fovmd use i n the 
creation of poljmuclear systems combining either ruthenium or osmium complexes 
wi th i r id ium or rhodium cyclometalated complexes.i^s Further examples of 
ruthenium- and rhodium- or i r id i tmi- containing systems have been produced using 
bridging ligands such as pyrazole-3,5-bis(benzimidazole),i59 3,5-bis(pyridine-2-yl)-
l,2,4-toiazolei6o and 1,4,5,8,9,12-hexaazatiiphenylene (HAT)i6i. These are generally 
synthesised via the reaction of a ruthenium complex containing the bridging ligand as 
the 'complex ligand' and an iridivmi or rhodiiuxi chloride containing species as the 
'complex metal'. Additionally, ruthenium-rhodium systems have been created w i t h 
simple alkyl groups being used to bridge between two 2,2'-bipyridine ligands.i*2,i63 
Further extension of this method sees the incorporation of rhenium,i64-i66 ironi67 and 
platinumi66 into mtdtimetallic arrays. 
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1.8.2 Creating new binding sites by reactions 'in situ' 
A n alternative way to produce well-defined multinuclear metal complexes i n a 
controlled manner is to create a new site capable of coordinating to another metal 
centre on the back of the ligand after i t has been coordinated to a metal. This involves 
carrying out chemistiy on the complex itself i n order to convert i t into a 'complex 
ligand' and avoids the presence of more than one binding site i n the init ial stages of 
synthesis. 
1.8.2.1 Simple 'organic-type' reactions 
Condensation reactions have been used as a method to elaborate upon Ugands in situ. 
In one instance, i r id ium complexes containing bidentate hgands appended wi th 
hydroxyl groups have been reacted wi th similar bidentate ligands containing -COCl 
groups to produce a 'complex ligand' via an ester linkage.i^^ j ^ i s i n tu rn can be used 
to generate bimetcdlic species. Another example makes use of a condensation reaction 
between a ruthenium complex of l,10-phenanthroline-5,6-dione and 9,10-diamino-
1,4,5,8-tetiaazaphenanthrene. This creates the br idging Ligand 1,10-phenanthroltno-
[5,6-b]-l,4,5,8,9,12-hexaazatiiphenylene in szfu.i^s 
Coordination of 4-bromo-2,2'-bipyridine to a metal such as ruthenium enhances its 
reactivity w i t h species containing hydroxyl groups to generate ligands containing ether 
linkages. Rutheniimi complexes contairung one or more chloro-substituted terpyridine 
or bipyridine ligand have been reacted w i t h 2,6-bis(2-pyridyl)-4-pyridone in order to 
create 'complex ligands' w i t h at least one vacant terpyridine coordination site (Figure 
43).i7o I n some cases, further reaction w i t h appropriate 'complex metals' has led to the 
production of tetia-, hexa- and nonanuclear complexes.i^i 
ci + o (tpy)Ru N 
K2CO3 / / 
Figure 43 Elaboration in situ to generate new binding site 
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18.2.2 Cross-coupling reactions 
Alternatively, metal catalysed cross-coupling reactions can be used to generate new 
binding sites via an in situ approach. For instance, the palladium catalysed Negishi 
cross-coupling reaction between a rutheniiun complex containing a 2-bromo-
substituted pyridyl ring and 2-pyridylzinc bromide gives rise to a new bidentate 
coordination site which can bind to an osmitmi centre under suitable reaction 
conditions.!!^ Similarly, the Stille cross-coupling reaction has been used to couple a 
bromo-substituted ruthenium complex with an aryl stannyl compound to provide a 
free binding site.i^ z 
A particularly astute example along these Unes makes use of a luckel catalysed self 
coupling reaction involving a ruthenium ori/io-chloroimine complex to form a 
binuclear species, whilst simultaneously producing a third bidentate binding site also 
capable of binding to a ruthenium centre (Figure 44). 
(bpy)2Ru 
Ni, DMF 
CI 
{bpy)2Ru 
3rd bidentate 
binding site Ru(bpy)2 
Figure 44 Nickel coupling of a ruthenium ort/io-chloroimine to create a third bidentate 
binding site 
1.8.3 Joining metal complexes together using cross-coupling reactions 
The main drawback of the 'complexes as metals, complexes as ligands' approach is the 
need for time- and material-consuming protection/deprotection steps in order to gain 
full control over the final assembly structure. In an attempt to combat these 
drawbacks, metal catalysed cross-coupling reactions have been used for the direct 
linkage of metal complexes. As will be demonstrated in the examples below, this can 
be done by reacting substituted metal complexes with an appropriately-substituted 
entirely organic species as an indirect linking unit, or via the direct reaction of two 
complementarily-substituted metal complexes. 
The Sonogashira cross-coupling reaction has been used for the synthesis of 
multimetallic systems, with Tor et fl/i37,i74 having studied reactions involving complexes 
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with 1,10-phenanthroline ligands with bromo- or ethynyl-substituents in the 
3-position. hutially, bromo-substituted complexes were reacted with di- or tri-
ethynylated aryl compounds in the presence of Pd(PPh3)2Cl2 and Cul in order to create 
multinuclear species in excellent yields."^ Later work reports the successful direct 
reaction between bromo- and ethynyl-substituted complexes (Figure 45), allowing the 
controlled generation of mixed metal systems in good yields.i75,i76 
Ru Ru Ru 
(bpy)2 (bpy)2 (bpy)2 
Figure 45 Use of the Sonogashira cross-coupling reaction for the direct linkage of metal 
complexes by Tor et aP"^ 
Additionally, in work by another group, the report that a cyclometalated ruthenium 
complex can be selectively brominated at the site opposite to cyclometalation using 
NBS in acetonitrile at room temperature,^ '^  has led to the production of a series of 
diethynylarene linked diruthenium complexes via the Sonogashira cross-coupling 
reaction.178 
The Suzuki-Miyaura cross-coupling reaction has likewise been investigated for the 
direct joining together of metal complexes. Metal containing conjugated polymersi79,i8o 
have been produced via the reaction of ruthenium complexes contcdning dibromo-
substituted Ugands with aryl diboronic acid species. The metal content of the resulting 
polymers can be controlled via the ratio of starting materials. 
A similar approach has been taken for the generation of homo-dinuclear ruthenium 
and iridixim species. A ruthenium complex containing a bromo-substituted 
dipyridylbenzene ligand can be reacted with a diboronic ester in the presence of 
Pd(PPh3)4 and base in order to generate a biruthenium system bridged by a series of 
phenylene groups.i8i482 Likewise, iridium complexes of the type [lr(ppy)2(bpy-(t)-Br)]+ 
can be coupled using similar boronic acid species to give rise to analogous products 
(Figure 46).88-183 This has been demonstiated for complexes with vmsubstituted ppy 
ligands^ s and also for those with difluoro-substituted cyclometalating Ugands.i^ a It is 
worth noting that no examples of Suzuki reactions between a bromo-substituted metal 
complex and boronic acid substituted metal complex are previously reported. 
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Br Br 
HO \ = = / OH 
Pd(PPh3) 
Figure 46 Suzuki cross-coupling reaction for the synthesis of diiridium complexes 
1.9 Scope of the work presented here 
The aims of this study were to investigate the use of the Suzuki-Miyaura cross-
coupling reaction for: 
(a) the synthesis of functionalised monometallic complexes of the type 
[M(C^N)2(N'^N)]+ via an in situ approach, with an intention to create systems 
with pH responsive photophysical properties, and 
(b) the controlled synthesis of well-defined multimetallic arrays via the direct 
coupling of appropriately ftinctionalised metal complexes, giving rise to 
systems that possess directional energy transfer abilities, which may be reliably 
predicted from the properties of the constituent building blocks. 
Following the generation of a series of variously substituted monometallic complexes, 
the photophysical properties discerned will allow for the careftd design of energy 
funnelling multimetallic species. A fundamental challenge in the synthesis of such 
arrays lies in the development of previously unreported boronic acid appended metal 
complexes. 
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C H A P T E R 2 
S Y N T H E S I S OF M O N O M E T A L L I C 
C O M P L E X E S 
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2 Synthesis of MonometalBoc Complexes 
This chapter discusses the synthesis of a series of dfi monometallic transition metal 
complexes containing one or more ligands based on 2-phenylpyridine, 2,2'-bipyridine 
or 2,2':6',2"-terpyridine. Appropriate fvmctional groups are incorporated into the 
complexes in an attempt to either introduce serisitive luminescence characteristics or to 
provide building blocks for use in the synthesis of multimetaUic arrays (see Chapter 4). 
The in situ elaboration of complexes via a cross coupling methodology is also 
described. 
2.1 [M(C''N)2(N''N)r type complexes 
As discussed in the introduction, the photophysical properties of complexes of the 
general formula [M(C^N)2(N'^N)]% where M is Ir(III) or Rh(III), C^N is a 
cyclometalating ligand such as 2-phenylpyridine (ppy) and N^N is a bidentate 
nitrogen donating ligand such as 2,2'-bipyridine (bpy) (Figure 47), have been widely 
studied. The intense long lived emission observed, particularly from iridiiim 
examples, has led to applications in organic light emitting devices (OLEDs),^! 
sensitising systems'^  and biological labelling studies.^ -^'^  
Figure 47 [M(C'^ N)2(N'^ N)]* type complex 
In order to tailor the chemistry and fine time the photophysical properties of such 
complexes, alterations are made to the periphery of the ligands. The synthesis of this 
type of system most often involves the pre-synthesis of the desired ligands followed by 
complexation to the metal centre, a method based on an early rhodium synthesis by 
Nonoyama.76 Cyclometalating ligands such as 2-phenylpyridine (ppyH) have a 
tendency to form dichloro-bridged ditnetalUc species when allowed to react with either 
iridium^^ or rhodixmi^ o salts. These species can be cleaved (Figure 48) to generate two 
equivalents of a monometciUic species by the further reaction with an N'^ N 
coordinating ligand such as 2,2'-bipyridine (bpy).5 The first section of work presented-
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here adopts this synthetic procedure and details its use for the production of a series of 
novel functionalised iridum and rhodium complexes. 
Figure 48 Reaction of a dichloro-bridged dimer with N'^ N species (M = Ir or Rh) 
2.1.1 Synthesis of ligands 
In order to prepare monometallic complexes of the type [M(C'^N)2(N^N)]+, it is 
necessary to have access to a series of C^N and N-^ N coordinating ligands, the 
synthesis of which is described in this section. 
2.1.1.1 Synthesis of CN type ligands 
Whilst cyclometalating ligands 2-phenylpyridine (ppyH) and 4-(2-pyridyl)-
benzaldehyde (pbaH) are commercially available, three fluorinated 2-phenylpyridine 
based ligands ( I H (ppyH-F), 2H (ppyH-F2) and 3H (ppyH-Fg), Figure 49) were 
prepared via the Suzuki cross-coupling of 2-bromopyridine and the appropriately 
fluorinated phenylboronic acid. By using Pd(PPh3)4 as the catalyst in degassed 
dimethoxyethane (DME) in the presence of aqueous K2CO3 as the base, yields of 40 -
70% were obtained eifter purification via column chromatography. Whilst ligands I H 
and 2H have been previouslyi^^ and since^ ** synthesised via this approach, this is the 
first reported preparation of the tiifluorinated analogue 3H by any route. 
X Y Z 
I H ppyH-F H H F 
2H ppyH-F2 F H F 
3H ppyH-Fs F F F 
Figure 49 Fluorinated 2-phenylpyridine based ligands 
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2 .112 Synthesis ofN'^N type ligands 
2.1.1.2.1 N-oxide chemistry 
Previously reported N-oxide chemistryi06,i08 ^vas exploited in order to produce 
4-bromo-2,2'-bipyridine 7. The reaction of 2,2'-bipyridine with m-chloroperoxybenzoic 
acidio6 produced 2,2'-bipyridine-N-oxide 4 in 45% yield. This is preferable to an 
alternative route employing hydrogen peroxide^o^ which produces a mixture of mono 
and bis N-oxide products. The N-oxide ring of 4 is activated, particiilarly at the 
4-position, towards substitution reactions, whereas the pyridyl ring remains relatively 
resistant. As such, a subsequent nitration reaction employing fuming nitric acid and 
concentrated sulphuric acid yielded 4-nitro-2,2'-bipyridine-N-oxide 5 upon 
basicification.108 The nitro group was exchanged for a bromo group to give 
4-bromo-2,2'-bipyridine-N-oxide 6 via reaction with acetyl bromide in glacial acetic 
acid.i°8 Finally the N-oxide was reduced in the presence of phosphorous tribromide to 
give the desired Ugandio^ 7 in 65% yield (Figure 50). 
mcpba, CHCI3 / \ / \ HNO3/H2SO4 
1 1 0 X 
43% 
CH3C00H 
CHaCOBr 
PBra/CHzClz 
reflux 
65°/ 
Figure 50 Synthesis of 4-bromo-2,2'-bipyridine 
2.1.1.2.2 Hantzsch synthesis of pyridines 
The synthesis of 4-(4-bromophenyl)-2,2'-bipyridine (hpy-^-Br) 10 was achieved by 
using the Hantzsch synthesis of pyridines as described by Schmehl et al.^ This multi-
step procedure (Figure 51) begins with the synthesis of an intermediate enone 8, which 
was achieved in excellent yield (86%) via the condensation of 4-bromobenzaldehyde 
with sodium pyruvate. Reaction of 8 with l-(2-oxo-2-pyridin-2-yl-ethyl)-pyridinium 
iodide 9, itself synthesised via an established methodologywo using 2-acetylpyridine, 
pyridine and iodine, produced a 6-carboxy-substituted 2,2'-bipyridine. Thermal 
decarboxylation followed by purification via either recrystallisation from ethanol or 
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colvunn chromatography using aluminiima oxide, where the carboxy-species remained 
bovmd to the colvmin whilst the desired product was eluted using dichloromethane, 
yielded the desired ligand 10 in good yield. The p-methoxy substituted analogue 
(bpy-(j)-OMe) had been prepared previously within the group in a similar manner from 
anisaldehyde. 
CH3C(0)C00-Na* 
EtOH / H2O 
CHO 
I2, pyndine 
H O O C ' ^ O 
NH4OAC 
HOOC 
Figure 51 Synthesis of 4-(4-bromophenyl)-2,2'-bipyridine via Hantzsch condensation 
A similar Hantzsh type synthesis (Figure 52) was attempted for the generation of the 
pyridyl-substituted ligand, 4-(4-pyridyl)-2,2'-bipyridine (bpy-py) 11. This synthesis 
requires that the pyridinium iodide described above is reacted with a pyridyl-
substituted enone. However, upon employing the same conditions and procedures as 
previously described for the synthesis of this enone, no product was precipitated. This 
is probably due to the presence of both acidic and basic fvmctionalities in the molecule 
with similar pKa values. It is likely that precipitation would have only occurred over a 
narrow pH range where only one of these two fimctionalities was protonated; any 
other conditions will lead to a cationic or anionic species of higher water solubility. 
The reaction with l-(2-oxo-2-pyridin-2-yl-ethyl)-pyridinium iodide was attempted 
without prior isolation of the enone but no further tiactable product cotdd be obtained. 
Furthermore, the addition of Mohr's salt (ammonium iron(II) sulfate) to this reaction 
mixture did not produce a positive test for a bipyridyl species. 
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CH3C(0)C00-Na^ 
EtOH / H2O 
\=N O 
— ) e 
NH4OAC 
C H O 
H O O C ^ ^ O H O O C 
Figure 52 Failed synthesis of 4-(4-pjTidyl)-2,2'-bipyridine via Hantzsch type synthesis 
2.1.1.2.3 Suzuki cross-coupling reaction 
The use of the Suzuki cross-coupling reaction for the synthesis of bpy-py 11 was 
investigated (Figure 53). Previous work within our group has reported the use of this 
reaction for the synthesis of a series of 4'-aryl substituted 2,2':6',2"-terpyridine ligands. 
In particular, the writer demonstrated during an MChem project (2001-02) that pyridyl-
phenyl groups could be introduced into terpyridines in this way.i^ s The reaction of 
4-bromo-2,2'-bipyridine 7 with pyridine boronic acid in degassed DME solvent in the 
presence of an aqueous sodium carbonate base and Pd(PPh3)4 catalyst gave rise to 11 in 
39% yield after purification via colimm chromatography. Additional amoimts of 
boronic acid and catalyst were added cifter 24 hours to ensure that the reaction 
proceeded to completion. 
7: n=0 
10: n=1 
Pd(PPh3)4 
NazCOs (aq), DME 
11: n=0 
12: n=1 
Figure 53 Successful synthesis of 4-(4-pyridyl)-2,2'-bipjrridine and 
4-(4-(4-pyridyl)phenyl)-2,2'-bipyridine via the Suzuki reaction 
The previously tmreported ligand 4-(4-(4-pyridyl)phenyl)-2,2'-bipyridine (bpy-(j)-py) 12 
was prepared in a similar mcumer via the cross coupling of 
4-(4-bromophenyl)-2,2'-bipyridine 10 with pyridine boronic acid (Figure 53). 
Recrystallisation from ethanol produced crystals suitable for characterisation via X-ray 
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diffraction (Figure 54 and Appendix 1). The stiucture reveals that the ligand is not 
planar, with the intermediate phenyl ring being displaced by 34.6° from the plane of 
the bipyridine rings, a value which is intermediate between those reported for 4-(3-
hydroxyphenyl)-2,2'-bipyridine27 (41.5°) and l,4-bis(2,2'-bipyrid-4-yl)benzenei85 (24.3°). 
Figme 54 Crystal structure of bpy-(|)-py 12, T = 120K with anisotropic displacement 
parameters shown at the 50% probability level. 
2.1.1.2.4 Miyaura cross-coupling reaction for boronic acid substituted ligands 
One of the initial aims of the work presented in this thesis was to investigate the use of 
the Suzuki cross coupHng reaction for the generation of multimetallic systems. In 
order to achieve this in a contioUed and direct maimer it is necessary to have access to 
boronic acid appended complexes. The first step towards this goal is the generation of 
a boronic acid substituted ligand. 
Figure 55 General scheme for the synthesis of multimetallic systems using the Suzuki cross-
coupling reaction, highlighting the requirement for boronic acid substituted complexes 
The conventional route to arylboronic acids involves the reaction of an aryllithium 
compoimd with trimethylborate to generate the dimethylester of the boronic acid, 
which readily hydrolyses to the acid during work up. During the course of the work 
described in this thesis, this route was reported for the synthesis of 4-(4-phenylboronic 
acid)-2,2'-bipyridine (bpy-(|)-B(OH)2) 13 but only in 20% yield.ise We had chosen 
instead to employ a cross-coupling reaction for the introduction of the boronic acid 
group, owing to unsatisfactory results when conventional chemistiy was applied to 
bromo-substituted terpyridine systems."! ~ ~~ ~ — - -
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The Miyaxira reaction^ o^ synthesises arylboronates via a palladium catalysed cross-
coupling reaction between an aryl halide and a diboron species such as 
bis(pinacolato)diboron (B2pin2) or bis(neopentylglycolato)diboron (Bineoa) (Figure 56). 
Pd(dppf)Cl2 was foxmd to be one of the most efficient catalysts for this conversion, in 
conjimction with a weak base such as potassium acetate. Reactions with either one of 
the aforementioned diboron species has successfully produced the appropriate boronic 
ester substituted terpyridine ligand, with the neopentylglycolato analogue being found 
to hydrolyse to the acid more readily.i^i 
-°^ P 
B—B, 
-o' 
(a) 
°^ P 
o o 
(b) 
Figure 56 Diboron compounds for use in the Miyaura cross-coupling reaction: 
(a) bis(pinacolato)diboron (B2pin2), (b) bis(neopentyIglycoIato)diboron (B2neo2) 
This procedure was used here for the synthesis of 4-(4-neopentyl glycolatoboron-
phenyl)-2,2'-bipyridine (bpy-(t)-Bneo) 14. The reaction was achieved by applying the 
same conditions as reported for the terpyridine example to couple 
4-(4-bromophenyl)-2,2'-bipyridrne 10 with B2neo2 (Figure 57). The crude product was 
usually found to be contaminated with triphenylphosphine oxide and B2neo2. 
Attempts to purify by extiacting the desired product into aqueous basic solution 
followed by subsequent acidification to reprecipitate the product were xmsuccessful in 
producing any appreciable amount of either boronic ester or acid substituted ligand. 
Instead, dissolution in ethanol at reflux followed by hot filtration was used to 
significantly reduce the amovmt of B2neo2 present, and the product was used for 
subsequent complexation to metals without further purification. 
Pd(dppf)Cl2 
KOAc, DMSO 
10 
Figure 57 Synthesis of 4-(4-neopentyI glycoIatoboron-phenyl)-2,2'-bipjn:idine via the Miyaura 
cross-coupling reaction 
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2.1.2 Synthesis of dichloro-bridged dimers [M(C^N)2CI]2 
Dichloro-bridged dimers containing the cyclometalating ligands ppyH, 
4-(2-pyridyl)benzaldehyde (pbaH), ppyH-F I H , ppyH-F2 2H and ppyH-F3 3H were 
synthesised. 
The syntheses of [Ir(ppy)2Cl]2 1569, [lr(pba)2Cl]2 169*, [Ir(ppy-F2)2Cl]2 17 (during tiie 
course of this work)i87 and [Rh(ppy)2Q]218™ have been reported in the literature, with 
all (except 18) being based upon the original synthesis by Nonoyama s^s using a 3:1 
mixture of 2-ethoxyethanol and water as the solvent. These conditions were employed, 
with the exception that where the use of a large excess of cyclometalating ligand had 
been reported (4 equivalents69,94) ordy 2 - 2.2 equivalents were used in order to avoid 
the production of any imwanted tris-product. [Rh(pba)2Cl]219^5 has also been reported 
previously but using a 3:1 mixture of ethanol and water. The synthesis of this dimer 
was successfully achieved in similar yields by using either 2-ethoxyethanol or ethanol 
with water, although repetition of the reaction using 2-ethoxyethanol proved 
unsuccessful. 
The 2-ethoxyethanol/water procedure was also used for the synthesis of the 
previously imreported dichlorobridged dimers [Ir(ppy-F)2Cl]2 20, [Rh(ppy-F)2Cl]2 21, 
[Rh(ppy-F2)2Cl]2 22 and [Ir(ppy-F3)2Cl]2 23. The yields obtained are summarised in 
Figure 58. 
No. M X Y Z Yield 
I S Ir H H H 62% 
16 Ir H H C H O 82% 
17 Ir F H F 75% 
18 Rh H H H 88% 
19 Rh H H C H O 76% 
20 Ir H H F 62% 
21 Rh H H F 84% 
22 Rh F H F 88% 
23 Ir F F F 76% 
Figure 58 Yields obtained for the synthesis of dichloro-bridged dimers 
Crystallographic data has been published for both iridiumT^ and rhodium's containing 
dichloro-bridged dimers of this type. In both cases, the metal-carbon bonds show a 
mutual CIS orientation aroimd both metal centres. This is attributed to the strong trans 
influence of the metal-carbon bonds and is generally accepted to be the case for all 
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systems of this sort. 
2.1.3 Reaction of [M(CaN)2CI]2 species with 2,2'-bipyridlne ligands 
2.1.3.1 Synthetic conditions and purification procedures 
In order to generate monometallic species, the dichloro-bridged dimers mentioned 
above can be reacted with two equivalents of a 2,2'-bipyridine ligand, as first reported 
by Nonoyama76. The original synthesis of [Rh(bhq)2(bpy)]a, where bhq = benzo-[/i]-
quinoline, involved the reaction of [Rh(bhq)2Cl]2 with one equivalent of 2,2'-bipyridine 
in ethanol at elevated temperature. Since this report, a variety of conditions have been 
investigated in order to generate similar rhodium and iridiiun complexes. Work 
carried out by Neve et al describes the high yielding sjmthesis of [Ir(ppy)2(bpy-X)]* 
species via the reaction of the dichloro-bridged ditner and appropriate bpy ligcind in a 
1:2 ratio in a refluxing dichloromethane-methanol (4:5) solvent mixture.^ s These 
relatively mild conditions have been adopted for the s)mtheses presented here. The 
[M(ppy-X)2(bpy-Y)]+ type complexes prepared are sxmunarised in Table 3 with the 
basic structure for this type of complex being displayed in Figure 47. 
In order to successfully isolate the hexafluorophosphate salt of these complexes, ion 
exchange was carried out by the addition of the complex dissolved in the minimum 
volume of acetonitrile to a saturated aqueous solution of potassium 
hexafluorophosphate. Column chromatography using dichloromethane and methanol 
eluant (up to 5% methanol) was used for the purification of the complexes. 
Table 3 shows that the reaction of any of the dichloro-bridged dinners with 
vmsubstituted 2,2'-bipyridine proceeds in excellent yields ranging from 73% - 93% 
yield. Of this series, only complexes 24, 25 and 26 have been reported previously.s-^ s 
The reactions also proceed relatively cleanly, with three of the rhoditun examples, 25, 
28 and 30, requiring no further purification after ion exchange according to both mass 
spectrometry and elemental analysis. It is worth noting, however, that reactions 
involving [Rh(pba)2Cl]2 19 proceeded more successfully in cases when the dimer was 
first purified via filtration through ceUte in dichloromethane as reported by Lo.'s 
Reactions of the dichloro-bridged dimers with bromo-substituted bipyridines also 
proceed in good yields and, as these complexes were primarily prepared to provide 
building blocks for larger assemblies, in most cases further purification was not 
considered necessary. 
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No. Metal C^N Ligand N'^N Ligand % Yield 
24 Ir ppy bpy 93% 
25 Rh ppy bpy 93% 
26 Rh bpa bpy 92% 
27 Ir ppy-F 1 bpy 92% 
28 Rh ppy-Fl bpy 93% 
29 Ir ppy-F2 2 bpy 73% 
30 Rh ppy-F2 2 bpy 94% 
31 Ir ppy-F3 3 bpy 81% 
32 Ir ppy bpy-Br 7 98% 
33 Ir pba bpy-Br 7 * 
34 Rh pba bpy-Br 7 94% 
35 Ir ppy-F 1 bpy-Br 7 97% 
36 Ir ppy-F2 2 bpy-Br 7 78% 
37 Ir ppy bpy-(t)-Br 10 69% 
38 Ir pba bpy-(|)-Br 10 * 
39 Rh pba bpy-(t)-Br 10 74% 
40 Ir ppy bpy-(t)-OMe 58% 
41 Ir pba bpy-(j)-OMe 31% 
42 Ir ppy bpy-py 11 22% 
43 Ir pba bpy-py 11 19% 
44 Ir ppy bpy-(|)-py 12 21% 
Table 3 Summary of [M(ppy-X)2(bpy-Y)]+ type complexes prepared. 
* These complexes were used without further purification. 
Previously unreported methoxy- and pyridyl-substituted iridium complexes 40-44 
were prepared from [Ir(ppy)2Cl]2 or [Ir(pba)2Cl]2, albeit in lower yields than those 
obtained when using bromo- or unsubstituted bpy ligands. In particular, those 
complexes containing both aldehyde and pendent pyridyl functionalities proved 
difficult to purify. Multiple attempts at colximn chromatography were necessary to 
prepare a pure sample of complex 43, whilst purification of the analogue containing 
the bpy-(t)-py Hgand 12 was not achieved despite initial indications from electrospray 
mass spectrometry that the desired complex had at least partiy formed. It is worth 
remembering that both the bipyridyl group and the pendent pyridyl groups of ligands 
11 and 12 are capable of coordinating to teansition metals. Whilst it is expected that 
bidentate binding should be favoured therrnodynamically, it is possible that a kinetic 
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product could involve binding of the single pyridyl group thus giving rise to a mixture 
of products. As discussed in the intioduction, this phenomenon has been seen in the 
literature^ when mild reaction conditions are used for the synthesis of ruthenium 
complexes containing a pyridyl-substituted bipyridine ligand. 
2.1.3.2 Ctiaracterisation and confirmation of purity 
All of the complexes included in Table 3 have been characterised via a combination of 
iH NMR, NMR (where appropriate), electrospray mass spectrometry, elemental 
analysis and thin layer chromatography. FuU assigrunent of the NMR spectra was 
achieved using iH-^H COSY and NOESY two-dimensional spectra. Assignment is also 
assisted by the characteristic low frequency peak at between 5.8 ppm and 6.9 ppm (in 
either d -^acetone or CD3CN) corresponding to the proton adjacent to the site of 
cyclometalation (ppy-H^ ) which experiences the largest shielding effect out of all of the 
protons (see Figure 59 for the H atom nvunbering scheme used). Additionally, the 
peaks with the highest shifts, usually between 8.5 ppm and 9.5 ppm (again in either 
d -^acetone or CD3CN) tend to correspond to bpy-H3 and bpy-H^', unless an aldehyde is 
present, in which case the CHO proton is responsible for the peak with the highest 
shift. 
Figure 59 H atom numbering scheme used in assignment of NMR data 
However, assigrunent of splitting patterns and coupling constants for the ^H NMR is 
somewhat complicated by the presence of inequivalent ppy ligands in complexes 
containing unsymmetricaUy substituted bipyridine ligands. This is exemplified by 
comparing the NMR spectra of the imsubstituted complex 24 with the spectia for 
complex 37, which contains an uns3nnmetiical bpy-(j)-Br ligand. 
For complex 24, a doublet can be seen at 6.35 ppm corresponding to ppy-H^'. This 
splitting pattern is as expected due to vicinal coupling with ppy-H^'. However, the 
sarne peak in the spectrum for complex 37 appears as two overlapping doublets, 
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indicating that the two ppy ligands contained in this complex are ineqmvalent due to 
the xmsymmetrical nature of the neighbouring bipyridine ligand. In some cases, as for 
this example peak, it is possible to resolve the splitting patterns to some extent, but in 
other cases, where splitting patterns are more complicated (see the region 6.8 ppm -
7.2 ppm of the spectra below as an example) multiplets are assigned to single proton 
environments. For simplification, protons belonging to the ppy ligands are assigned as 
if equivalent; a realistic approach when considering the minimal difference observed 
only in the fine structure of some of the resonances measured at 500 MHz. 
L16 7.08 7.00 ppm ^ ^ ppm 
1 
~ 1 1 1 [ T" 
8.5 
- 1 — I — I — I — I — I — I — I — i — I — I — I — | -
8.0 7.5 7.0 
1 — I — I — I — 1 — I — I — I — 
6.5 ppm 
9.0 
I I I M I I I M I I I I 1 1 I I I M I M I 1 j I M I I I 
m 7.10 7.00 ppm 6.40 ppm 
I 1 i i 1 1 1 1 ! 1 1 1 1 1 ^ 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 [ 1 1 1 ! 1 
9.0 8.5 B.O 7.5 7.0 6.5 ppm 
Figure 60 NMR spectra for [Ir(ppy)2(bpy)]+ 24 (upper) and [Ir(ppy)2(bpy-(t)-Br)]+ 37 (lower) 
measured at 500 MHz. 
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2.1.3.3 Isomers 
As previously discussed, the ppy ligands contained wi th in dichloro-bridged dimers 
adopt a conformation where the two carbon-metal bonds are arranged in a cis fashion. 
This is retained upon the reaction w i t h a 2,2'-bipyridine ligand, giving rise to 
complexes w i t h cisoid metal-carbon bonds alongside a trans arrangement of the 
nitrogen donors of the ppy ligands. Strictly, this leads to a mixture of diastereomers 
when an tmsymmetrical bpy is used, but this is not considered to have any appreciable 
influence on the photophysical properties of such complexes.is' 
2.2 Chemistry on the complex 
Whilst the synthetic route involving dichloro-bridged dimers and bipyridine ligands 
has allowed the preparation of a series of monometallic i r id ium and rhodixmi 
complexes, complications arise when using Hgands w i t h more than one potential 
binding site. This can lead to a mixture of products and also render purification a long 
and tedious process which may eventually yield only a small amount of desired 
product. A potential way of avoiding this is to create straightforward complexes 
which, as seen in the previous section, can be produced in good yields, and then to 
carry out chemistry on the ligands in situ. I n this way, further functionality can be 
introduced which might otherwise have affected the reliability of the complexation 
step. Addit ionally, time and effort are saved i n a divergent strategy i n which a simple 
functional group conversion can be carried out cleanly on a complex, rather than 
having to synthesise new starting materials i n order to generate a new ligand which 
must then be reliably complexed to a metal. 
2.2.1 Conversion of methoxy to hydroxyl in situ 
Ward et al report the interconversion of a methoxy group into a hydroxyl group by 
performing chemistry on the back of a 2,2'-bipyridine hgand whilst i t is complexed to a 
ruthenium metal centre.^ Based upon this preparation, the generation of the hydroxy-
substituted i r id ium complex [Ir(ppy)2(bpy-(|)-OH)][PF6] 45 was achieved (Figure 61) via 
reaction of methoxy-substituted complex 40 w i t h an excess of BBra under an inert 
atmosphere in dichloromethane at room temperature. This provides a quick, easy and 
high yielding synthesis of 45 and removes any complications that could arise due to 
the monodentate binding of the phenol group to the metal centre - a problem that may 
otherwise occur i f the hydroxyl group had been present in. the uncomplexed ligand. 
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BBr,, DCM 
Figure 61 Conversion of -OMe to - O H whilst ligand is bound to iridium 
However, this reaction was unsuccessftd wher\ attempted for the methoxy-substituted 
i r id ium complex containing pba Ugands 41, w i t h no sign of the desired hydroxy-
substituted product being formed. A reduced integral for the i H N M R peak associated 
wi th the CHO proton suggests that the boron species may coordinate to the aldehyde 
group, making i t susceptible to nucleophilic attack rather than bringing about the 
desired demethylation at the methoxy site. 
2.2.2 In situ bromination of monometallic complexes 
Work by Coudret et aP^ reports a procedure for the regiospecific halogenation of the 
ruthenitun complex [Ru(bpy)2(ppy)] [PFe] upon treatment w i t h N-bromosuccinimide in 
acetonitrile at room temperature (Figure 62). Bromrnation occurs exclusively at the 
position on the ppy l igand para to the position of cyclometalation to ruthenium. I t was 
concluded therefore that the carbon-ruthenium bond not only activates the metalated 
ring towards electrophilic substitution but also controls its regioselectivity. 
NBS. MeCN 
RT. 6h. 95% 
Figure 62 Regioselective bromination of ppy ring using NBS 
We reasoned that a carbon-iridium bond should have similar activating properties to a 
carbon-ruthenium bond, and hence that treatment of [Ii"(ppy)2(bpy)]+ 24 w i t h two 
equivalents of NBS should lead to a regiospecifically dibrominated complex 46. In 
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practice this proved successful, wi th the reaction proceeding at room temperature, 
although an excess of NBS was required (Figure 63). This provides a reliable in situ 
route to species that can be used i n subsequent Suzuki reactions for either the 
elaboration of a simple ligand or the synthesis of multimetaUic systems. 
For X = H and Y = H, (i) = NBS, MeCN, 20°C, 36h to give complex 46 in 86% yield. 
For X = H and Y = F, (i) = NBS, MeCN, 50°C, 5 days to give complex 47 in 84% yield. 
For X = F and Y = F, no successful reaction conditions were found. 
Figure 63 Bromination of iridium complexes using N-bromosuccinimide 
The possibility of brominating only one of the ppy ligands was investigated as this 
could be a powerful intermediate, allowing access to unsymmetricaUy substituted 
monometallic complexes. This seemed tmlikely as bromination at one ppy ligand 
should not have any great effect on an electiophUic substitution reaction at another 
ppy ligand contained wi th in the same complex. Indeed this was f o i m d to be the case 
and, upon the addition of only one equivalent of NBS to 24, electrospray mass 
spectrometry implied that the product contained a statistical mixture of non-
brominated, singly brominated and doubly brominated products. 
Dibromination was also attempted for the fluorinated rr idi tmi complexes 27 and 29, 
but no bromination took place at room temperature, w i t h 100% starting material being 
recovered i n both cases. Upon heating to 50°C, complex 27, containing two singly 
fluorinated ppy ligands, was found to brominate selectively at the expected position to 
give complex 47. A single pure product was obtained after 5 days, w i t h an additional 
equivalent of NBS being added to the reaction after 4 days (Figure 63). Unfortunately, 
even at this elevated temperature, bromination between the two fluorine atoms in 
complex 29 d i d not prove possible. This could be due to electionic effects imposed by 
the two fluorine atoms affecting the electrophiUc substitution reaction. I t is possible 
that the inductive electron wi thdrawing effect of the two fluorine atoms is sufficient to 
-Gounterbalance any increased election density arising from cyclometalation. 
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2.2.3 Metal catalysed cross-couplings for elaborating ligands in situ 
A n alternative and recent approach, which avoids the pre-synthesis of complicated 
ligands, has made use of metal catalysed cross-coupling reactions for the elaboration of 
ligands in situ. I n particular, the m i l d conditions employed and fimctional group 
tolerance observed make the Sonogashira and Suzuki-Miyaura palladium catalysed 
cross-coupling reactions attractive for this purpose. 
As discussed in the introduction, metal complexes containing appropriately 
functionalised ligands can be elaborated in situ by coupling w i t h either acetylene 
compounds in the Sonogashira reaction,i36,i37 or w i t h haloaromatics or arylboronic 
acids i n the Suzuki reaction."i442 i n particular, i r id ium complexes containing bromo-
substituted 2,2':6',2"-terpyridines can be coupled w i t h arylboronic acids (Figure 64) by 
employing conditions similar to those used for 'organic' type reactions; Pd(PPh3)4 
catalyst, aqueous sodiimi carbonate base but w i t h DMSO solvent i n order to solubilise 
the complex.142 
tpy)lr^ N 
Pd(PPh3)4 
Na2C03 (aq), DMSO 
(tpy)ir; 
Figure 64 Suzuki cross-coupling for elaboration of ligands in situ 
The work presented here investigates the use of the Suzuki cross-coupling reaction for 
the in situ elaboration of ligands contained wi th in [M(C'^N)2(N^N)]+ type complexes. 
There are no literature reports of such cross-coupling reactions having been attempted 
on this type of system. 
2.2.3.1 Suzuki couplings for elaboration in situ 
A series of successful in situ Suzuki cross-coupling reactions were carried out between 
a number of [M(C^N )2 (N^N)]* type complexes, containing either bpy-Br 7 or bpy-(j)-Br 
10 as the N ^ N coordinating ligand, and either benzeneboronic acid or 
dimethylaminophenyl-4-boronic acid. The conditions reported for similar terpyridine 
systems were adopted, namely Pd(PPh3)4 catalyst and aqueous sodium carbonate base 
in degassed DMSO solvent."2 The resulting complexes are listed i n Table 4. 
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No. Metal C ^ N Ugand 
N ^ N starting 
ligand 
N ^ N product 
ligand 
% Yield 
48 Ir ppy bpy-Br 7 bpy-<t)-NMe2 
* 
49 Ir ppy bpy-(|)-Br 10 bpy-(|)-<t)-NMe2 
* 
50 Ir pba bpy-Br 7 bpy-(|)-NMe2 50% 
51 Ir pba bpy-(j)-Br 10 bpy-(t)-(|)-NMe2 28% 
52 Ir ppy bpy-Br 7 bpy-ph 80% 
53 Ir ppy-F 1 bpy-Br 7 bpy-ph 78% 
54 Ir ppy-Fa 2 bpy-Br 7 bpy-ph 72% 
55 Rh pba bpy-Br 7 bpy-ph 84% 
Table 4 Summary of complexes synthesised via in situ elaboration using the Suzuki reaction 
bpy-<|)-NMe2 = 4-(4-dimethylaminophenyl)-2,2'-bipjnidine, bpy-(t>-(|)-NMe2 = 
4-(4-(4-dimethylaminophenyl)phenyl)-2,2'-bipjrridine and bpy-ph = 4-phenyl-2,2'-bipyridine. 
* these complexes were initially prepared by Paul Atkinson during an MChem project (2002) 
but purification and photophysical study were carried out as part of this work. 
Dimethylamino-appended i r id ium complexes 48 - 51 were successfully synthesised via 
the cross-coupling of i r id ium complexes containing either bpy-Br 7 or bpy-(|)-Br 10 and 
dimethylaminophenyl-4-boronic acid (Figure 65). 
Na2C03(aq) 
Pd(PPh3)4, DMSO 
48:X = H, n = 0,49:X = H,n = 1 
50: X = CHO, n = 0, 51: X = CHO, n = 1 
Figure 65 Synthesis of dimethylamino-substituted complexes using the Suzuki reaction 
Attempts to synthesise the pyridyl-substituted complex [Ir(pba)2(bpy-(t)-py)]+ in a 
similar manner failed to produce the desired complex. Previous work on organic-
based Suzuki reactionsi35 involving pyridine-4-boronic acid have required that 
additional boronic acid be added partway through the reaction i n order to reach 
completion, suggesting that thermal decomposition of the boronic acid may be 
occurring xmder the Suzuki reaction conditions. The thermal stability, or lack thereof. 
of pyridine boronic acids has been mentioned in the literature,i'o and whilst pyridine-4-
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boronic acid is reportedly more stable than pyridine-2-boronic acid, i t is still possible 
that decomposition is occurring under the reaction conditions used here. 
Complexes 52 - 55, which contain phenyl-substituted bipyridine ligands, were 
synthesised via the cross-coupling reaction of the appropriate i r id ium or rhodium 
complexes containing bpy-Br w i t h phenylboronic acid. In all of these cases excellent 
yields were obtained (72% - 80%) and purification was achieved via column 
chromatography. The use of a rhodium parent complex provides reassurance that this 
chemistiy is not restiicted to i r id ium systems. 
In addition to the complexes described in Table 4, a Suzuki reaction was carried out 
between i r i d i i m i complex 46, which contains two brominated ppy ligands and 
benzeneboronic acid i n order to generate complex 56 (Figure 66). This synthesis shows 
that successful in situ Suzuki cross-coupling reactions are not confined to starting 
materials w i t h the bromo-substituent appended to the bpy ligand and that two Suzuki 
couplings can be carried out simultaneously and still produce an excellent yield (84%) 
of desired product. 
HQ 
B 
HO 
Na2C03(aq) 
Pd(PPh3)4, DMSO 
46 56 
Figure 66 Simultaneous in situ Suzuki reactions for elaborating ligands 
2.3 Boronic acid substituted iridium and ruthenium complexes 
So far, this work has demonstiated how the Suzuki reaction can be used successfully to 
cross-couple complexes containing bromo-substituted ligands w i t h aryl boronic acids. 
In principle, this procedure could be extended to allow the synthesis of multimetaUic 
species, but, as mentioned in section 2.1.1.2.4, i n order to do so i n a contiolled single 
step reaction, a boronic acid appended complex wou ld be required (Figure 55). A t the 
outset of this work, there were no reported examples of second or th i rd row tiansition 
metal complexes containing boronic acid substituted b ipyr idy l ligands. 
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2.3.1 Synthesis of boronic acid appended complexes 
The first boronic acid substituted metal complex to be investigated here was 
[Ru(bpy)2(bpy-(t)-B(OH)2)]2+ 57. In order to prevent deboronation of the ligand, a mi ld 
synthesis was required. The chosen synthesis (Figure 67) was based on a preparation 
reported by Meyer et fl/i^i, which produces a [Ru(bpy)2(CH3C(0)CH3)]2+ intermediate 
via the reaction of Ru(bpy)2Cl2 i n acetone in the presence of a silver salt. By adopting 
the more m i l d conditions subsequently reported by Hammarstrom et aP^, the boronate 
substituted ligand 14 was successfully bound to the ruthenitun centre without raising 
the temperature of the reaction mixture above room temperature. The small amoimt of 
complex containing the deboronated Ugand produced was separated f r o m the desired 
complex via column chromatography, yielding complex 57 i n 55% yield and allowing 
the isolation of side-product [Ru(bpy)2(4-phenyl-2,2'-bipyridine)][PF6]2 58. By this 
stage any boronic ester that may have been present had been hydrolysed completely to 
the acid. 
i) AgOTf, acetone 
ii) 13 ' 
Figure 67 Synthesis of boronic acid appended ruthenium complex 57 
The stability of complex 57 is not completely understood. Occasionally, some degree 
of decomposition appeared to occur overnight, whilst i n other instances the complex 
was stored for a nxxmber of weeks without any problem. Whilst electrospray mass 
spectrometry suggested that the decomposition product cotdd be deboronated 
complex 58, i t is wor th noting that deboronation of complex 57 may wel l occur under 
the conditions present i n the mass spectiometer itself. Indeed, i t proved quite diff icul t 
to obtain mass spectia for samples which had been otherwise proved to contain purely 
the boronic acid complex 57. In an effort to overcome decomposition problems, 
subsequent reactions were carried out promptly after the purification of complex 57. 
The synthesis of a series of boronic acid substituted cyclometalated i r id ium and 
rhodium complexes was achieved via tieatment of the appropriate [M(C^N)2C1]2 dimer 
61 
w i t h the boronate substituted ligand. The resulting complexes are siraimarised in 
Table 5. Purification attempts via colvunn chromatography using DCM/methanol 
eluant were unsuccessful i n providing a pure sample, perhaps due to encouraged 
deboronation by the presence of methanol. Whilst some degree of purification was 
achieved by using an eluant of acetonitrUe, water and saturated aqueous K N O 3 , this 
additional step was usually omitted and complexes 59 - 62 used in subsequent 
reactions wi thout any further purification. Where a mixture of boronate and boronic 
acid substituted complexes were evident f r o m the N M R spectrum, integrals were 
used to estimate the ratio of the two products and this was taken into consideration 
when calculating masses. 
(H0)2B 
ligand 
( H 0 ) 2 B - ( ^ bpy-(t)-B(0H)2 
No. Metal C^N ligand 
59 Ir ppy 
60 Ir ppy-F 1 
61 Ir ppy-F2 2 
62 Rh pba 
Table 5 Boronic acid substituted iridium and rhodium complexes prepared 
2.4 Complexes containing 2,2':6',2"-terpyridine ligands 
The synthesis mentioned so far has involved the use of the bidentate ligands 
2,2'-bipyridine and 2-phenylpyridine. I r id ium and ruthenivmi complexes containing 
2,2':6',2"-terpyridine (tpy) ligands have also been reported in the literature to display 
interesting photophysical properties.^i^a "phe synthesis of such complexes generally 
employs more harsh reaction conditions than those seen in previous sections. 
As the focus was again to produce building blocks which could potentially be used in a 
Suztiki cross-coupling reaction to generate multimetaUic arrays, bromo-substituted 
ruthenium and i r id ium terpyridine complexes were produced. I t was hoped that this 
wovdd allow access to multimetaUic systems incorporating not only bidentate ligands 
but also 2,2':6',2"-terpyridine as a terdentate ligand. 
Intermediate species Ir(tpy)Cl3 63 and Ru(tpy)Cl3 64 were synthesised according to 
established literature procedtu:es,i^4,i95 vvith the i r id ium analogue requiring more harsh 
reaction conditions. The 4'-(4-bromophenyl)-2,2':6',2"-terpyridine ligand was 
-coordinated to the iridivun precursor 63 at high temperature-in -refluxing-ethylene-
glycol^ to produce [Ir(tpy)(4-(4-bromophenyl)-2,2':6',2''-terpyridine)][PF6]3 65 as 
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described previously by our group.^^^ ruthenium example required less harsh 
conditions and made use of an acetone intermediate as described in Section 2.3.1, but 
involved heating to 80°C in ethanol for 3.5 hours for coordination of the bromo-
substituted Ugand to fo rm [Ru(tpy)(4-(4-bromophenyl)-2,2':6',2"-terpyridine)][PF6]266. 
M = lr63, Ru 64 
M = Ir (i) tpy-(t)-Br, ethylene glycol, 220°C 
15 mins 
M = Ru, (i) AgOTf, acetone/ethanol 
(ii) tpy-(t)-Br, ethanol, SOX, 3.5 h 
n+ 
Br 
M = Ir65, Ru 66 
Figure 68 Synthesis of complexes containing 4'-bromophenyl-2,2':6',2"-terpyridine ligands 
2.5 Concluding remarks 
This chapter has discussed the synthesis of monometallic transition metal complexes of 
the type [M(C^N)2(N^N)]+ f rom the appropriate [M(C^N)2C1]2 dimers and N ^ N 
coordinating ligands, including, where necessary, the synthesis of the C^N and N ' ^ N 
coordinating ligands. The in situ elaboration of ligands once bound i n this type of 
complex has been investigated, w i th the Suzuki cross-coupling reaction successfully 
introducing phenyl and dimethylaminophenyl substituents. Complexes containing 
bromo- and bororuc acid substituents have been prepared i n order to investigate the 
use of the Suztiki reaction for the generation of multimetaUic arrays. Terdentate 
ligands bearing bromo-substituents have also been coordinated to transition metal 
centres to potentially allow access to mixed ligand higher order systems. 
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CHAPTER 3 
PHOTOPHYSICAL A N D 
COMPUTATIONAL STUDY OF 
MONOMETALLIC COMPLEXES 
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3 Photophysical and Computational Study of 
Monometallic Complexes 
3.1 Photophysical properties of[lr(C''N)2(N'^N)r complexes 
3.1.1 Photophysics of [lr(ppy)2(bpy)]'^ 
Previous photophysical studies on [Ir(ppy)2(bpy)]+ have determined that the two 
lowest energy excited states arise f rom MLCT tiansitions, whils t electiochemical 
investigation indicates that the bpy ligand is more easily reduced than the ppy ligand. 
This suggests that the lowest of the two MLCT states involves charge transfer to the 
bpy ligand, whilst the ppy ligand is involved i n a higher energy MLCT state. Dual 
emission has been reportedly observed f r o m these two excited states during low 
temperature experiments, but at room temperature, emission f r o m the bpy based state 
predominates.5 
The photophysical properties of [Ir(ppy)2(bpy)]+ were investigated imder the 
conditions used for the other complexes as part of this work, to serve as a model. 
Results are summarised i n Table 6 and the absorption and emission spectra are shown 
in Figure 69. The absorption spectrum observed here i n acetonitrile matches closely 
the spectium reported in methanol.^ I n line w i t h this previous work, peaks at 256 nm 
and 265 nm are attributed to n-n* ligand centred tiansitions, whilst peaks between 
300 nm and 470 n m correspond to MLCT tiansitions. The emission wavelength of 
610 n m recorded i n acetonitrile is also similar to the value reported for methanoUc 
solutions (606 nm) and the lifetime measured in degassed acetonitiUe matches that 
previously reported to wi th in experimental error.s 
Complex [lr(ppy)2(bpy)]- 24 
Absorption Maxima / nm 
(Extinction Coefficient (e) / M - i cm-^) 
465 (724) 
405 (3710) 
370 (6160) 
334 (9210) 
303 (22400) 
265 (44100) 
256 (45800) 
Emission Maximxm\(a) / nm 610 
Quantum Yield x 10^ degassed (aerated) 9.7 (1.8) 
Lifetime / ns degassed (aerated) 370 (66) 
Table 6 Photophysical properties of [Ir(ppy)2{bpy)][PF6] 24 in CH3CN at 298K. (")\ex = 400 nm. 
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Figure 69 Normalised absorption and emission spectra (Xex = 400 nm) for [Ir(ppy)2(bpy)]* 24 
with overlaid excitation spectrum (Xem = 610 nm) offset for clarity. Spectra recorded in 
acetonitrile at 298K. 
3.1.2 Effect of substituents in the ppy ligand 
A series of [Ir(C^N)2(bpy)]+ complexes were prepared where the C^N coordinating 
ligand was a substituted ppy ligand. The effect of these substituents on the 
photophysical properties of the resulting complexes was investigated and results are 
summarised in Table 7. 
Complex 27 29 31 56 
Absorption Maxima / n m 
(e / M - i cm-i) 
455 (506) 
408 (1820) 
362 (7070) 
309 (20800) 
298 (24800) 
265 (46600) 
252 (48500) 
446 (364) 
418 (883) 
355 (5560) 
308 (20300) 
300 (22500) 
257 (41300) 
248 (43700) 
450 (344) 
418 (1180) 
388 (3750) 
368 (5460) 
322 (10700) 
309 (20600) 
298 (24400) 
257 (42300) 
248 (44900) 
410 (4410) 
330 (13700) 
310 (34000) 
274 (83000) 
267 (81000) 
Emission Maximim\(a) / n m 570 538 547 628 
Quantum Yield x IO2 
degassed (aerated) 
39 (3.3) 53 (3.9) 44 (3.3) 5.3 (2.0) 
Lifetime /ns 
degassed (aerated) 
1040 (92) 1490 (115) 1360 (106) 147 (52) 
Table 7 Photophysical properties of [Ir(ppy-F)2(bpy)]^7^[Ir(ppy-F2)2(bpy)]+^9^ 
[Ir(ppy-F3)2(bpy)]+ 31 and [Ir(ppy-ph)2(bpy)]+ 56, in C H 3 C N at 298K. W Xex = 400 nm. 
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3.1.2.1 Fluoro substituents 
The introduction of fluorine substituents into the ppy ligand brings about a dramatic 
change in the emission characteristics of the complexes 27, 29 and 31 . The position of 
the emission maximum is blue shifted in the order : 
[Ir(ppy)2(bpy)]- 24 < [Ir(ppy-F)2(bpy)]- 27 < [Ir(ppy-F3)2(bpy)]- 31 < [Ir(ppy-F2)2(bpy)]- 29 
wi th [Ir(ppy-F3)2(bpy)]+ 31 seemingly fall ing out of sequence between complexes 27 
and 29. The emission profiles for these complexes are shown i n Figure 70. 
24 
- - - 2 7 
29 
- • - 31 
675 625 675 
Wavelength /nm 
Figure 70 Normalised emission spectra (Xex = 400 nm) of [Ir{ppy)2(bpy)]+ 24, [Ir(ppy-F)2(bpy)]+ 
27, [Ir(ppy-F2)2(bpy)]+ 29 and [Ir(ppy-F3)2(bpy)]+ 31. Spectra recorded in acetonitrile at 298K. 
De Cola et al^° have discussed the effect of fluoro substituents on the emission 
characteristics of complexes similar to these. The combined mesomeric and inductive 
electron-withdrawing effect of the fluoro substituents creates electron deficiency at 
sites meta to the fluorine atom (Figure 71). In complexes 27 and 29, the positioning of 
the fluorine atoms results i n electron deficiency at the site of cyclometalation. This 
reduces the o-donor capabilities of the ppy ligand and reduces election density at the 
metal centie, rendering the H O M O lower i n energy. As a result, the emissive MLCT 
state is increased in energy, which is observed as a blue shift i n the emission 
maximum. The effect is greater for complex 29 than 27 due to the presence of two 
appropriately positioned fluorine atoms creating twice the election-withdrawing effect. 
However, the introduction of a thi rd fluorine substituent i n complex 31 wou ld not be 
expected to affect the election density at the site of cyclometalation and so no further 
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blue shift should be observed. Indeed, this complex has a similar but slightly red 
shifted emission maximum when compared to the difluoro-substituted complex 29, 
possibly because the accimiulation of electron density at the two carbons neighbouring 
the cyclometalating carbon seen for complexes 27 and 29 is disfavoured in the presence 
of the th i rd fluorine substituent. 
sites of electron deficiency due to electron-withdrawing fluorine atoms 
Figure 71 Electron-withdrawing effect in fluoro-substituted ppy ligands 
A blue shift i n emission maximum had been reported for the tris-cyclometalated 
complex [Ir(ppy-F)3] which emits at 468 run compared to 494 rvm for the unsubstituted 
parent complex [Ir(ppy)3] under the same conditions.i^^ Additionally, during the 
course of this work, [Ir(ppy-F2)3] was prepared and photophysical investigation 
revealed a blue shift of 42 run at 2 9 8 K relative to [Ir(ppy)3] which is associated wi th 
stabilisation of the H O M O as discussed here.i^^ 
As the quantum yield (O) and observed lifetime (Xobs) of emission are also increased 
upon the incorporation of fluoro substituents, the increase in energy of the emissive 
MLCT state must be accompanied by a reduction in the overall rate constant associated 
w i t h the relaxation process. The quanttun yield and lifetime increase by similar 
factors, suggesting a significant decrease in the rate of non-radiative processes ( I k m ) 
according to the equations: tobs = (kr + Ikm)-^ and O = kr.Tobs 
Values for the radiative and non-radiative rate constants (kr and Eknr respectively) of 
fluoro-substituted complexes 27, 29 and 31 have been calculated f r o m these equations 
and are compared to values for tmsubstituted parent complex 24 i n Table 8. This 
shows that the rate constant for non-radiative processes is decreased by approximately 
an order of magnitude upon introduction of fluoro substituents into the ppy ligand. 
This is i n accordance w i t h the energy gap law, as increasing the energy of the MLCT 
emissive state through the introduction of fluoro substituents removes the extent to 
which deactivation via a non-emissive state can occur, hence decreasing the rate of 
decay attributed to non-radiative processes. 
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Complex 24 27 29 31 
Tobs/nS 370 1040 1490 1360 
0 x 1 0 2 9.7 38 53 44 
k r X l O - 5 / s - l 2.6 3.7 3.6 3.2 
S k n r X l O - 6 /s-1 2.4 0.60 0.32 0.41 
Table 8 Calculated radiative and non-radiative rate constants for [Ir(ppy)2(bpy)]* 24, 
[Ir(ppy-F)2(bpy)]^ 27, [Ir(ppy-F2)2(bpy)]^ 29 and [Ir(ppy-F3)2(bpy)]^ 31. 
3.12.2 Phenyl substituents 
Conversely, the intioduction of a phenyl substituent into the ppy ligand in 
[Ir(ppy-ph)2(bpy)]* 56 causes a red shift in the emission maximiun compared to the 
unsubstituted parent complex, along w i t h a decrease i n quantum yield and lifetime of 
emission. This could be attiibuted to the reverse effect of that seen for the fluoro 
substituted complexes, w i t h the phenyl group acting as a mesomeric election donor 
(Figure 72) and thus increasing the o-donor ability of the ppy ligand. This wou ld 
lower the energy of the emissive MLCT state and produce a red shift i n the emission 
maximmn. No work has previously been published on the effect of phenyl-substituted 
ppy ligands on the photophysical properties of either complexes of this sort or for 
similar [Ir(ppy)3] type complexes. 
Figure 72 Mesomeric electron donation by phenyl substituent 
3.1.3 Effect of substituents in tlie bpy ligand 
A series of [Ir(C^N)2(N'^N)]* type complexes was produced w i t h the bipyridine ligand 
carrying substituents at the 4-position of one ring. Substituents investigated include 
phenyl, methoxy, hydroxy, pyr idy l and dimethylamino groups. The photophysical 
properties of these complexes are discussed in the fo l lowing sections. 
3.13.7 Phenyl substituents on the bpy ligand 
The photophysical properties of complexes 52 - 54, which each contain a 
-4-phenyl-2,2'-bipyridine ligand, are sununarised in Table -9. -
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Complex 52 53 54 
Absorption Maxima / nm 
(e / M - i cm-i) 
466 (997) 
403 (4040) 
374 (8150) 
337 (12000) 
312 (23600) 
267 (54800) 
256 (54100) 
455 (807) 
425 (1370) 
338 (12300) 
309 (25300) 
268 (56700) 
254 (54200) 
446 (598) 
417 (1300) 
359 (7860) 
333 (12100) 
313 (23500) 
300 (28100) 
262 (49100) 
250 (49200) 
Emission MaximumC") / nm 613 572 539 
Quantum Yield x IO2 
degassed (aerated) 
13 (2.5) 38 (3.8) 66 (5.8) 
Lifetime /ns 
degassed (aerated) 
406 (79) 1040 (100) 1390 (142) 
Table 9 Photophysical properties of [Ir(ppy)2(bpy-ph)]+ 52, [Ir(ppy-F)2(bpy-ph)]+ 53 and 
[Ir(ppy-F2)2(bpy-ph)]+ 54 measured in acetonitrile at 298K. W Kx = 400 nm. 
In contiast to the previous example where a phenyl substituent on the ppy ligand 
induced a red shift i n emission wavelength, the int ioduction of such substituents at the 
4-position of the 2,2'-bipyridine ligand i n [ lr(C^N)2(N^N)]* complexes does not 
produce a significant change in the emission properties when compared to the 
unsubstituted parent complex (Figure 73). 
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Figure 73 Normalised emission spectra of [Ir(ppy)2(bpy-ph)]* 52, [Ir(ppy-F)2(bpy-ph)]+ 53 and 
[Ir(ppy-F2)2(bpy-ph)]+ 54 (upper spectra), and [Ir(ppy)2(bpy)]+ 24, [Ir(ppy-F)2(bpy)]+ 27, and 
[Ir(ppy-F2)2(bpy)]* 29 (lower spectra). Recorded in acetonitrile at 298K using Xex = 400 nm. 
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The emission profiles obtained via excitation at the same wavelength have very similar 
maxima to those of the relevant tinsubstituted parent complex. Similar observations 
have been made by de Cola et al who deduced that the lowest excited state is very little 
perturbed by the incorporation of phenyl linking imits attached to the bipyridine 
ligand in multimetaUic species. 
3.1.3.2 [lr(ppy)2(N^N)f where N'^N contains pyridyl, amino, mettioxy or tiydroxy 
functionality 
Photophysical data collected for [Ir(C^N)2(N^N)]+ complexes bearing methoxy, 
hydroxy, pyridyl, and dimethylamino fxmctionality at the 4-position of the bipyridine 
ligand, either with or without phenyl spacer groups, are summarised in Table 10. 
For complexes 40, 42, 44 and 45, the absorption spectnim remains very similar to that 
seen for the unsubstituted parent complex [Ir(ppy)2(bpy)]+ 24, with the lowest energy 
excited state involving charge transfer from iridium to the substituted bpy ligand. 
However, for complexes 48 and 49 an increase in molar absorptivity is observed at low 
energy, arotind 400 nm. This implies that the M L C T absorption usually fotmd in this 
region may be accompanied by another transition of similar energy, leading to an 
overall increase in the observed extinction coefficient. 
For the methoxy- and hydroxy-substituted complexes 40 and 45, no significant change 
in the emission characteristics is observed, prestunably indicating that such pendent 
groups have little effect on the energy of the HOMO and L U M O levels in these 
complexes. 
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Complex 40 42 44 45 
Absorption Maxima 
/ m n 
(e / M - i cm-i) 
465 (1110) 
410 (3650) 
379 (8740) 
352 (12600) 
310 (25700) 
271 (39100) 
256 (36800) 
465 (1220) 
402 (4020) 
378 (7080) 
314 (16300) 
263 (40500) 
252 (44900) 
465 (3410) 
404 (4730) 
381 (9230) 
350 (14200) 
293 (43000) 
269 (48200) 
254 (43300) 
465 (1380) 
402 (4580) 
375 (9460) 
353 (12400) 
306 (25400) 
271 (37800) 
257 (36600) 
Emission 
608 637 619 606 Maxunxmn(a) / nm 
Quantum Yield x IO2 
degassed (aerated) 
15 (2.8) 7.9 (2.4) 14 (3.0) 10 (2.0) 
Lifetime /ns 
degassed (aerated) 
457 (76) 292 (81) 407 (81) 443 (79) 
Complex 48 49 
Absorption Maxima 
/ n m 
(e / M - i cm-i) 
402 (19300) 
346 (17700) 
300 (27000) 
254 (43400) 
382 (24300) 
310 (34900) 
264 (52200) 
256 (53800) 
Emission 
610 611 
Maximum('') / n m 
Quantum Yield x IO2 
degassed (aerated) 
0.90 (0.20) 1.0 (0.20) 
Lifetime / ns 
degassed (aerated) 
433 (81) 420 (81) 
Table 10 Photophysical properties of complexes [Ir(ppy)2(bpy-(|)-OMe)]+ 40, [Ir(ppy)2(bpy-
py)]* 42, [Ir(ppy)2(bpy-(|)-py)]* 44, [Ir(ppy)2(bpy-(t)-OH)r 45, [Ir(ppy)2(bpy-(t)-NMe2)]* 48 and 
[Ir(ppy)2(bpy-(|)-(t)-NMe2)]* 49 measured in acetonitrile at 298K. (») \ex = 415 nm. 
However, for pyridyl-substituted complexes [Ir(ppy)2(bpy-py)]+ 42 and 
[lr(ppy)2(bpy-(t)-py)]+ 44, a red shift in the emission maximtmi is observed compared to 
parent complex 24, with a larger effect seen for complex 42 whick lacks an intermediate 
phenyl ring (Figure 74). This is attributed to the electron withdrawing nature of the 
pendent pyridyl ring, which facUitates M L C T from iridium to the bpy ligand. The 
electronic effect of the pyridyl ring on the bound bipyridine tmit is presumably 
reduced upon the insertion of an intermediate phenyl spacer group. 
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Figure 74 Normalised emission spectra (Xex = 415 nm) for [Ir(ppy)2(bpy-py)]*42, 
[Ir(ppy)2(bpy-(t)-py)]* 44 and the parent complex [Ir(ppy)2(bpy)]* 24 (Xex = 400 nm). Spectra 
recorded in acetonitrile at 298K. 
Dimethylamino-substituted complexes 48 and 49 display an emission wavelength 
almost identical to unsubstituted complex 24 but the quantum yield of emission is 
markedly reduced to the order of 1%. Two possible explanations for this behaviour are 
as follows. 
As the pendent amine group contains a lone pair of electrons on the nitrogen atom, it is 
possible that photoinduced electron transfer (PET) could be deactivating the excited 
state. As displayed in Figure 75, PET from the lone pair to the HOMO of the complex 
followed by back electron transfer would allow re-creation of the ground state without 
the generation of radiation.i'^ This phenomenon has been widely studied for use in 
Itxminescent sensing,"7,i98 and has included examples of organic amine containing 
molecules such as those featured in Figure 76.™''^°° However, this process is usually 
associated with systems containing a donor and acceptor separated by an insulating 
spacer group. As this is not the case for the complexes studied here, this explanation 
may not be appropriate. Moreover, the emissive lifetimes of complexes 48 and 49 are 
not significantiy lower than for the other complexes presented. This suggests that an 
additional pathway of deactivation of the emitting state is not the cause of the low 
quantum yield, but rather energy losses prior to its formation, or a smaller fraction of 
excitation energy reaching the emissive state. 
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Figure 75 Photoinduced electron transfer (PET) and back electron transfer to deactivate an 
excited state 
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Figure 76 Organic amine containing molecules which can undergo PET 
An alternative explanation is that a low energy intra-ligand charge transfer (ILCT) state 
may be responsible. Density functional theory calculations carried out as part of this 
work support the existence of such a state (see section 3.2). The calculations show that 
the HOMO of the dimethylamino-substituted complex is localised primarily on the 
dimethylamino group, whilst the L U M O is delocalised over the two chelating pyridyl 
rings of the bpy ligand. An I L C T transition localised on this ligand could occur at a 
similar energy to the M L C T transition, which may account for the increased molar 
absorptivity observed at ~ 400 nm in the absorption spectrum. If this is the case, upon 
excitation at 400 nm it is possible that two excited states are generated: the usual 
emissive M L C T state and an I L C T state. As the lifetime of emission of the 
dimethylamino-substituted complexes remains similar to the others discussed in this 
section, it is possible that the reduced quantum yield is arising because the excitation 
energy is split between the two low energy excited states generated. If these states are 
not efficiently coupled and the I L C T is only weakly or perhaps even non-emissive, this 
would account not only for the reduced quantum yield but also for the imchanged 
lifetime of emission. 
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3 . 1 3 . 3 Excflanging ppy for pba 
As discussed previously, by substituting at the ppy ligand the photophysical 
properties of [lr(C^N)2(N^N)]+ complexes can be varied. A series of complexes based 
on those described in the preceeding section was produced with 
4-(2-pyridyl)benzaldehyde as the C ^ N coordinating ligand. The photophysical 
properties of these complexes are summarised in Table 11. 
Complex 41 43 50 51 
Absorption Maxima 
/ivm 
(£ / M - i cm-i) 
414 (5030) 
345 (18000) 
314 (39000) 
294 (46400) 
276 (50800) 
252 (35900) 
407 (3760) 
339 (10600) 
309 (24700) 
291 (30900) 
271 (38200) 
252 (35400) 
412 (15800) 
299 (38300) 
272 (38700) 
255 (35500) 
417 (12400) 
366 (19200 
312 (37800) 
298 (42100) 
275 (44000) 
Emission 
Maximum(»)/ nm 539,571 544, 577 539, 573 539,571 
Quantum Yield x IO2 
degassed (aerated) 27 (1.5) 44 (2.1) 6.5 (0.40) 3.0 (0.20) 
Lifetime /ns 
degassed (aerated) 
5160,1160 
(188) 
2890, 730 
(171) 
4470,576 
(324, 90) 
5050,1230 
(203) 
Table 11 Photophysical properties of complexes [Ir(pba)2(bpy-(|)-OMe)]+ 41, [Ir(pba)2(bpy-
py)]* 43, [Ir(pba)2(bpy-(i)-NMe2)]* 50 and IIr(pba)2(bpy-(t)-(t)-NMe2)]* 51 measured in 
acetonitrile at 298K. (») X^ x = 415 nm. 
The absorption spectia recorded for these complexes are similar to the ppy analogues. 
In particular, enhanced absorption is observed at low energy (~ 400 nm) for the 
dimethylamino-substituted complexes. As was discussed previously for ppy 
containing complexes 48 and 49, this could be attributed to a low lying ILCT state 
associated with the dimethylamino group. The lower quantvun yields combined with 
similar emissive lifetimes of complexes 50 and 51 when compared to the other pba 
containing complexes may further support this explanation (see earlier discussion 
relating to complexes 48 and 49 for further details). 
The emission characterstics of the pba containing complexes are distinctly different 
from those of analogous complexes containing ppy as the C ^ N coordinating ligands. 
The emission spectra for all of the pba complexes display a structured profile with a 
significant blue shift in the maximiun cortipared to that seen for the ppy equivalent. A 
comparison of a pba vs ppy complex emission spectrum is shown in Figure 77 for a 
^dimethylamino-substituted complex. Additionally, the -emission from the—pba-
containing complexes is found to decay in a biexppne_ntial_fashipn, whilst_the. quantum. 
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yield and lifetime are both increased in comparison to analogous ppy complexes, the 
latter by around an order of magnitude. 
635 685 
Wavelength /nm 
785 
Figure 77 Comparison of emission spectra (\ex = 415 nm) of [Ir(ppy)2(bpy-(t)-(t)-NMe2)]* 49 and 
[Ir(pba)2(bpy-(()-(|)-NMe2)]+ 51. Spectra recorded in acetonitrile at 298K. 
Similar results to these have been discussed by Lo et al^* for [lr(pba)2(N'^N)]+ 
complexes where N'^N is either 2,2'-bipyTidine or a methylated 1,10-phenanthroline 
ligand, although monoexponential decay of emission is reported in those cases. 
Following these examples by Lo, emission from this series of pba complexes is 
deduced to arise from an L C state on the pba ligand, which probably mixes to some 
extent with an M L C T state also involving the pba ligand. The change in excited state 
character arises due to the election-withdrawing nature of the aldehyde functionality, 
which lowers the energy of the metal orbitals to such an extent that a new HOMO of 
ligand character is generated (Figure 78). Structured emission is typical of L C emission 
as the potential energy curves belonging to the groimd and excited states are both of 
ligand character and, hence, less shifted with respect to each other than for ground and 
excited states of different character (e.g. for M L C T tiansitions). 
The biexponential decay of emission noted here \mder degassed conditions is 
independent of emission wavelength and therefore suggests that emission may 
originate from two excited states which are poorly coupled at room temperature. For 
complex 50, biexponential decay is also observed in aerated acetonitiile which implies 
that for the other pba containing complexes, the shorter component is too short to 
_measure_imder_aerated conditions. _ 
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Figure 78 Change in excited state upon introduction of pba ligands 
3.1.4 Effect of pH on the photophysical properties of appropriately 
functionalised [lr(C'^ N)2(N'^ N)]* complexes 
Of the complexes discussed so far, a number contain protonatable or deprotonatable 
functional groups and may, therefore, exhibit pH dependent photophysical properties. 
This was investigated for complexes bearing pendent dimethylamino, pyridyl or 
hydroxy functionality. 
3.1.4.1 Amino-substituted complexes 
The effect of acid on the photophysical properties of dimethylamino-substituted 
complexes 48 - 51 is summaried in Table 12. 
Complex 48 49 50 51 
Emission Maximum / n m 
in neutral solution 
610 611 539, 573 539,571 
Emission Maximum / n m 
in acidic solution 
614 613 536, 564('') 538, 561(«) 
Relative Emission Intensity 
IHVI 5.5 4.7 1.0 0.3 
Lifetime /ns in acidic 
solution 
degassed (aerated) 
360 (81) 386 (81) 
653,63 
(88) 
760,109 
(113) 
Table 12 Effect of acid of the photophysical properties of amino-substituted complexes 
[lr(ppy)2(bpy-(|)-NMe2)]* 48, IIr(ppy)2(bpy-(t)-(t»-NMe2)]* 49, [Ir(pba)2(bpy-(|)-NMe2)]* 50 and 
[Ir(pba)2(bpy-(t)-(j)-NMe2)]* 51 measured in acetonitrile at 298K using Xex = 415 nm. 
(') approximate values as weak emission profiles made position of maxima unclear. 
An increase in emission intensity by a factor of approximately five is observed for 
[lr(ppy)2(bpy-(|)-NMe2)]* 48 and [lr(ppy)2(bpy-(t)-(J)-NMe2)]* 49 in the presence of acid 
-(Figure-79). As the emission maximum and lifetime are essentially unaffected-by-pHr it 
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can be assimned that emission is arising from the same M L C T state whether the amino 
group is protonated or tmprotonated. 
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Figure 79 Absorption and emission (\ex = 415 nm) spectra of [Ir(ppy)2(bpy-(t)-NMe2)]^ 48 with 
(48H) and without (48) acid. Spectra recorded in acetonitrile at 298K. 
The increase in emission intensity can be explained using either of the explanations 
previously discussed to account for the low quantum yields of these complexes in the 
unprotonated form (see section 3.1.3.2). Both of these revolve around the removal of 
the nitrogen lone pair of electrons upon protonation at the amine site. In the case of 
PET, there is simply no free pair of electrons to participate and so PET can no longer 
provide a competitive decay mechanism. For the I L C T case, protonation increases the 
energy of the ligand-centred charge transfer transition to such an extent that 
interference with the radiative decay process is no longer possible. The net result in 
both cases is an increase in the observed emission intensity. 
Further evidence supporting the I L C T explanation can be found from studying the 
absorption spectrtun measured in acidic solution (Figure 79). Upon addition of acid 
there is clearly a reduction in absorption at low energy, particularly aroimd 400 nm. 
This would concur with the above explanation that protonation removes the low 
energy I L C T state and hence reduces absorption in this region of the spectrum. 
The effect of acid on the absorption spectium of complexes [Ir(pba)2(bpy-(j)-NMe2)]* 50 
and [lr(pba)2(bpy-(|)-())-NMe2)]* 51 is similar to that seen for the ppy analogues 48 and 
_49,_with_a_decrease_in absorption at around 400 mn suggesting the possible removal of 
an I L C T state through protonation at the amine site. However, in section 3.1.3.3 it was 
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apparent that pba-containing complexes display very different emission properties to 
their ppy analogues. As such, the removal of such a state may not affect the 
photophysical properties of complexes 50 and 51 in the same manner as for complexes 
48 and 49. 
Indeed, the effect of acid on the emission spectia of complexes 50 and 51 is quite 
different to that seen for 48 and 49. Upon acidification, the structured emission profile 
is retained but accompanied by a blue shift of the lower energy maximtun by ~ 10 nm, 
with either no change (50) or a decrease (51) in emission intensity. The lifetime of 
emission is also reduced by around one order of magnitude. These results suggest that 
emission remains primarily L C upon acidification with the further blue shift perhaps 
resulting from the interaction of acid at the aldehyde group of the pba ligand. 
3.1.4.2 Hydroxy-substituted complexes 
The effect of base on hydroxy complex [Ir(ppy)2(bpy-(t)-OH)]+ 45 is the reverse of that 
found for acid upon analogous dimethylamino complexes 48 and 49. No change in 
emission maximum is observed, indicating that the same excited state is emitting, but 
in this instance the emission intensity is markedly reduced upon deprotonation of the 
hydroxy site (Figure 80). 
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Em 45 
Em 45B 
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Figure 80 Comparison of absorption and emission spectra for [Ir(ppy)2(bpy-(t)-OH)]+ 45 with 
(45B) and without (45) base, measured in acetonitrile at 298K. 
This could be explained in a manner similar to that used to explain the increase in 
emission intensity observed upon acidification of [Ir(ppy)2(bpy-(l)-NMe2)]'" 48 and 
79 
[lr(ppy)2(bpy-(|)-(t)-NMe2)]+ 49 , with the -0~ form being analogous to -NMe2, and - O H 
to -N+(H)Me2. Deprotonation of the - O H group generates a free pair of electrons which 
are capable of deactivating the emissive state via either of the PET or I L C T mechanisms 
previously discussed. Study of the absorption spectrtmi upon deprotonation of 
hydroxy complex 4 5 reveals an increased absorption at wavelengths > 400 nm, which 
could be attributed to the creation of a low energy I L C T state upon deprotonation, 
supporting the proposal of deactivation via this mechanism. 
Alternatively, it is possible that emission becomes quenched due to the introduction of 
quinonoidal character upon deprotonation. This has been previously reported for 
iridiiun complexes bearing hydroxy-substituted terpyridine ligands^oi, and for 
rutheniimi complexes containing the same bpy ligand as studied here.27 In the latter 
work, emission from [Ru(bpy)2(bpy-(t)-OH)]2+ was seen to be almost entirely quenched 
upon deprotonation of the - O H group. This was explained by deloccdisation of the 
negative charge generated over the entire ligand bringing the negative charge closer to 
the metal centre and creating a strong n donor Ugand (Figure 81). This has the effect of 
lowering the metal orbitals to a similar energy to the ligand %* level. Thermal 
equilibration of the emissive M L C T state with the M C state, which offers a 
radiationless decay pathway, results in the quenching of emission. This could also be 
the case here, with perhaps a reduced extent of quenching attributed to the presence of 
cyclometalating ligands which increase the electron density at the metal centre and 
reduce the delocalisation effect to some extent. The establishment of a low energy 
band in the absorption spectrum upon addition of base could be attributed to a ligand 
centred state associated with the quinonoidal type ligand resulting from delocalisation 
of the negative charge. 
Figure 81 Creation of quinonoidal character upon deprotonation of hydroxy group 
Regardless of which of these two explanations is correct, the net result remains the 
same: a proportion of the excitation energy is consumed in the generation of an 
additional excited state, which, if not equilibrated with the emissive M L C T state, could 
account for the reduction in emission intensity upon the addition of base to 45. 
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3.1.4.3 Pyridyl-substituted complexes 
The addition of acid to any of the pyridyl-substituted iriditun complexes causes a 
quenching of emission to such an extent that a maximum can no longer be detected 
(Table 13). 
Complex 42 43 44 
Emission Maximtun / nm 
in acidic solution 
- (a) - (a) .(a) 
Relative Emission Intensity 
IHVI 0.04 0.1 0.03 
Table 13 Effect of acid on the photophysical properties of [Ir(ppy)2(bpy-py)]+ 42, 
[Ir(pba)2(bpy-py)]* 43 and [Ir(ppy)2(bpy-(t)-py)]* 44 in C H 3 C N at 298K ( \ e x = 415 nm). W 
emission from acidified solutions was so weak that no maximum could be determined, 
relative emission intensity was calculated at emission maximum measured for non-acidic 
sample. 
A similar effect has been reported for ruthenium complexes containing the bpy-py 
ligand.27 This was explained by considering that protonation of the pyridyl group 
creates an effective electron acceptor, which can receive an electron from the M L C T 
excited state and hence quench emission. This could also be the case for ppy 
complexes [Ir(ppy)2(bpy-py)]+ 42 and [Ir(ppy)2(bpy-(|)-py)]* 44, although in the 
ruthenium example this was accompanied by a red shift in the lowest M L C T 
absorption band upon protonation which is not observed here (Figure 82). 
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Figure 82 Absorption and emission (Kx = 415 nm) spectra of [Ir(ppy)2(bpy-(t»-py)]* 44 with 
{44H) and without (44) acid. Spectra recorded in acetonitrile at 298K. 
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Emission is also reduced upon acidification of pba complex [lr(pba)2(bpy-py)]'^ 43, but 
by a factor of ten less than that from the ppy complexes 42 and 44. This could be 
associated with the fact that complex 43 is most likely a less powerful photoreductant 
than the ppy analogue, resulting in reduced electron transfer to the pyridyl group 
upon protonation and hence less quenching of emission. 
3.2 Computational studies of lir(C'^N)2(N'^N)f complexes 
In conjunction with photophysical studies of [Ir(C'^N)2(N^N)]* complexes, a number of 
stiuctures were also investigated via density functional theory (DFT) calculations. 
Calculated orbital characteristics for the two highest occupied molecular orbitals 
(HOMO and H O M O - 1) and the two lowest unoccupied molecular orbitals (LUMO 
and LUMO +1) are simunarised in Table 14. 
Complex H O M O - 1 H O M O L U M O L U M O +1 
[lr(ppy)2(bpy)]-
24 
ppy (88%) 
Ir (53%) + 
ppy (43%) 
bpy (93%) bpy (90%) 
[Ir(pba)2(bpy)]- pba (78%) 
Ir (57%) + 
pba (39%) 
bpy (94%) pba (94%) 
[Ir(ppy)2(bpy-py)]^ 
4 2 
ppy (85%) 
Ir (48%) + 
ppy (47%) 
bpy (93%) bpy (96%) 
[lr(pba)2(bpy-py)]^ 
4 3 
pba (74%) 
Ir (51%) + 
pba (45%) 
bpy (94%) pba (77%) 
[lr(ppy)2(bpy-(t)-py)]^ 
44 
bpy (100%) 
Ir (48%) + 
ppy (47%) 
bpy (93%) bpy (95%) 
[Ir(ppy)2(bpy-(t)-NMe2)]-' 
48 
Ir (48%) + 
ppy (46%) 
bpy (94%) 
(47% NMe2) 
bpy (94%) 
(1% NMe2) 
bpy (87%) 
[Ir(ppy)2(bpy-<t)-(|)-NMe2)]'^  
4 9 
Ir (49%) + 
ppy (47%) 
bpy (99%) 
(48% NMe2) 
bpy (94%) 
(0.4% NMez) 
bpy (90%) 
[lr(pba)2(bpy-(t)-NMe2)]^ 
50 
Ir(51%) + 
ppy (44%) 
bpy (96%) 
(48% NMez) 
bpy (94%) 
(1% NMe2) 
pba (95%) 
[Ir(pba)2(bpy-(t)-(t)-NMe2)]^ 
51 
Ir(51%) + 
ppy (45%) 
bpy (100%) 
(48% NMe2) 
bpy (94%) 
(0.4% NMe2) 
pba (94%) 
Table 14 Summary of calculated molecular orbital characterstics according to DFT 
calculations. Percentages in parenthesis denote the proportion of entire electron density 
localised at a particular site. Orbitals with ^ 75% of electron density at one ligand are 
classified as being characteristic of that ligand, but some small percentage of electron density 
will reside at either the other ligand or at the metal centre. 
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The B3LYP density functional was used throughout, wi th the 6-31G basis set being 
employed for aU Ugand atoms and LANL2DZ for the i r id ium atom. A n effective core 
potential (ECP) was used to replace the inert inner core elections of i r id ium(l l l ) which 
are not involved in bonding, thus allowing a substantial reduction in calculation time. 
Outer core [(5s)2(5p)6] elections were still included along w i t h valence (5d)* elections. 
It is worth noting that when orbitals are designated as 'metal-based' there is usually 
also a significant amount of C^N ligand character. This is attiibuted to the effective 
covalent nature of the cyclometalating Ir-C bond. 
Calculations for parent complex [lr(ppy)2(bpy)]+ 24 confirm that the lowest excited 
state is generated f r o m a charge tiansfer tiansition between a metal-based orbital and a 
bpy-based orbital (Figure 83). 
LUMO 
HOMO 
Figure 83 Contour plots of the HOMO and LUMO of [lr(ppy)2(bpy)]+ 24 
The same result is seen for pyridyl-substituted complexes [Ir(ppy)2(bpy-py)]+ 42 and 
[lr(ppy)2(bpy-(t)-py)]'^ 44. However, the second lowest unoccupied orbital is calculated 
to be of bpy character also, which conflicts w i t h reported photophysical results which 
suggest that the next lowest excited state is generated via a MLCT tiansition to the ppy 
«3 
ligand. This impUes that theoretical calculations should not be relied upon too heavily 
for these complexes, where the relative energies of molecular orbitals may be very 
similar. 
According to these calculations, upon exchange of ppy for pba the character of the 
HOMO and L U M O remain tmchanged, whilst the LUMO+1 orbital switches to pba 
character rather than bpy character. Photophysical measurements imply that emission 
is primarily pba-LC, possibly with some M L C T mixing. This suggests that the pba-
based orbital calculated as the LUMO+1 orbital here may actually be lower in energy, 
enabUng it to become the LUMO. Additionally, it is likely that the HOMO-1 orbital, 
calculated here of pba character, is of very similar energy to the metal-based HOMO, 
thus giving rise to a mixture of L C and M L C T characteristic emission. 
The orbital character of dimethylamino-substituted complexes 48 - 51 is of particular 
interest, with the calculated HOMO and LUMO both being localised on the bpy ligand. 
When comparing the electron density distribution over the bpy ligand it is found that 
almost half of the electron density is located on the NMe2 group in the HOMO, whilst 
almost none is found at the same site in the L U M O (Figure 84). This suggests that an 
I L C T transition originating from the NMe2 group covdd be responsible for a low energy 
state. This provides evidence to support the I L C T rationalisation used to explain the 
low quantum yield associated with complexes 48 and 49 (see section 3.1.3.2) and the 
increased emission intensity upon acidification (see section 3.1.4.1). 
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LUMO 
HOMO 
Figure 84 Contour plots of the HOMO and LUMO of [lr(ppy)2(bpy-(t)-NMe2)]*48 
In an extension to this work, further calculations were carried out on similar complexes 
also carrying pendent dimethylamino functionaUty, and on an i r id ium complex w i t h a 
pendent electron donating pyrene substituent. The results obtained for Pt(dpyb-(t)-
NMe2)Cl, [lr(tpy-(t)-NMe2)2]3+ and [lr(tpy)(tpy-(j)-pyr)]3^ where dpyb-(t)-NMe2 is 
l,3-di(2-pyridyl)-5-(p-Me2N-C6H4)-benzene, tpy-(|)-NMe2 is 4'-(p-Me2N-C6H4)-2,2':6',2"-
terpyridine and tpy-(j)-pyr is 4'-(l-pyrenyl)-2,2':6',2"-terpyridine, are summarised in 
Table 15. 
Complex H O M O - 1 H O M O L U M O L U M O + 1 
Pt(dpyb-(|)-NMe2)Cl 
CI (39%) + 
dpyb (38%) 
+ Pt (23%) 
dpyb 
(33% NMe2) 
dpyb 
(0.1% NMe2) 
dpyb 
(5% NMe2) 
[Ir(tpy-(|)-NMe2)2]3* 
tpy 
(21% NMe2) 
tpy 
(21% NMe2) 
tpy 
(2.2% NMe2) 
tpy 
(2.1% NMe2) 
[Ir(tpy)(tpy-(|)-pyr)]3- tpy-<l)-pyr 
(94% pyr) 
tpy-4»-pyr 
(74% pyr) 
tpy (90%) tpy (97%) 
Table 15 Summary of DFT calculated molecular orbital characterstics for complexes carrying 
amine or other electron donating substituents. Percentages in parenthesis denote the 
proportion of entire electron density localised at a particular site. 
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The H O M O and L U M O of [Pt(dpyb-(()-NMe2)CI] are both calculated to be localised on 
the dimethylamino appended ligand (Figure 85), w i th the same election density 
distiibution as noted for complexes 48 - 51. This suggests that for this platinum 
complex, a low energy ILCT excited state may exist. The photophysical properties of 
this complex have been reported^o^ and indicate that the lowest energy excited state 
does indeed possess ILCT character, unlike related complexes without stiongly 
election donating substituents which tend to exhibit LC emission characteristics. 
^^HK LUMO 
HOMO 
Figure 85 Contour plots of the HOMO and LUMO of IPt(dpyb-(t)-NMe2)Cl] 
For the two iridium-terpyridine complexes investigated, calculations suggest that both 
the H O M O and L U M O are of ligand character (Figure 86). In particular, election 
density w i th in the H O M O is localised on either the dimethylamino or pyrene group, 
whilst in the L U M O the election density at these sites is essentially reduced to zero. 
This implies that low energy ILCT tiansitions can occur, w i th the election rich 
dimethylamino or pyrene groups acting as donors. The photophysical properties of 
these complexes have been reported and, indeed, a low energy ILCT state is deduced 
as responsible for emission i n the near IR.^"' The similar results obtained f r o m 
computational and photophysical methods i n this instance are encouraging, and 
demonstiate that DFT calculations do provide some degree of reliable interpretation of 
molecular orbitals. However, other results do imply that i t is wise to tieat them w i t h 
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some caution, especially where close lying energy levels may exist. 
LUMO 
HOMO 
F i g u r e 8 6 C o n t o u r p l o t s o f t h e H O M O a n d L U M O of [Ir(tpy)(tpy-(t>-pyr)]3+ 
3.3 Photophysical properties of [Rh(C^N)2(N^N)r complexes 
The photophysical properties of [Rh(ppy)2(bpy)]+ 25 have been reported previously 
and differ substantially f r o m those discussed for the analogous i r id ium complex 
[lr(ppy)2(bpy)]+ 24. Investigation of these properties was carried out as part of this 
work i n order to obtain directly comparable data i n the same solvent and under the 
same conditions, and results are summarised as part of Table 16. 
The absorption spectium obtained for 25 in acetonitiile almost exactly matches that 
recorded in methanol.^ However, using our equipment, no measurable emission was 
observed at room temperature i n aerated or degassed acetonitiile solutions. Indeed, 
reports state that only very weak emission has been observed for this complex at 
ambient temperature w i t h the lifetime being < 10 ns.^ At 77K, an intense and 
stiuctured emission is reported to arise f r o m an LC state associated w i t h the 
cyclometalating ligand, although some mixing wi th an MLCT state has been 
suggested.5'79 It has been postulated that this LC emissive state can be deactivated at 
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room temperature by a low lying M C stated' 
Complex 25 28 30 
Absorption 
Maxima / n m 
(e / M - i cm-i) 
367 (4260) 
308 (17200) 
298 (18600) 
257 (29000) 
240 (28600) 
355 (6840) 
308 (23700) 
296 (26700) 
255 (43100) 
240 (43200) 
350 (4960) 
308 (23800) 
297 (24100) 
255 (38700) 
232 (41500) 
Emission 
Maximum / n m 
none observed none observed none observed 
Table 16 Photophysical properties of [Rh(ppy)2(bpy)]+ 25, [Rh(ppy-F)2(bpy)]* 28 and 
[Rh(ppy-F2)2(bpy)]+ 30 measured in acetonitrile at 298K. 
I t could be imagined that the introduction of electron-withdrawing substituents into 
the ppy ligands i n [Rh(C^N)2(bpy)]+ type complexes could perturb the resulting 
photophysical properties. By withdrawing electron density f r o m the metal centre, the 
relative energies of the emissive and deactivating excited states w i l l change, perhaps to 
such an extent that thermad equilibration between the non-emissive M C state and the 
emissive state is no longer possible at room temperature. This could potentially bring 
about observable emission at room temperature. For complexes 28 and 30, which 
contain one or two fluorine substituents per ppy ligand respectively, this was found 
not to be the case. The electron-withdrawing effect of the fluorine substituents is 
apparently not sufficient to prevent deactivation of the emissive state at room 
temperature. 
However, work done by Lo al^^ uses the aldehyde-containing ligand pba in place of 
ppy and reports a moderately intense emission at room temperature f rom 
[Rh(pba)2(bpy)]+ 26. Clearly, the electron-withdrawing nature of this substituent is 
sufficient to alter the relative energies of the emissive and deactivating states. This 
complex was studied as part of this work alongside the related complex 55 containing a 
phenyl substituent at the 4-position of the bpy ligand (Table 17). 
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Complex 26 55 
Absorption Maxima / n m 
(£ / M - i cm-i) 
392 (6260) 
317 (24100) 
308 (36400) 
297 (38400) 
273 (32600) 
255 (35000) 
243 (35400) 
393 (4810) 
317 (27300) 
310 (32100) 
295 (34000) 
272 (41600) 
254 (34600) 
243 (32300) 
Emission Maximiim(^) / n m 508, 546,584(sh) 508,546, 584(sh) 
Quantum Yield x IO2 
degassed (aerated) 
0.90 (0.10) 0.90 (0.10) 
Lifetime /ns 
degassed (aerated) 
7475,1072 
(598, 20) 
7896,1210 
(620, 30) 
Table 17 Photophysical properties of [Rh(pba)2(bpy)]+ 26 and [Rh(pba)2(bpy-(]))]+ 55 meastired 
in acetonitrile at 298K. (») = 400 nm. 
Photophysical data collected for [Rh(pba)2(bpy)]+ 26 compares favourably w i t h that 
reported by Lo et aP^. Emission is deduced to arise f r o m an LC state associated w i t h 
the pba ligand based on the structured emission observed (Figure 87), remarkably long 
emissive lifetime and independence of emission energy on the N ^ N ligand (as 
investigated in Lo's work's) As expected, the introduction of a phenyl substituent to 
the bpy ligand in complex 55 does not affect the photophysical properties of the 
complex, as this ligand is not involved in generation of the emissive excited state. 
620 670 
Wavelength /nm 
Figure 87 Emission spectrum of [Rh(pba)2(bpy-(|))]+ 55 recorded in acetonitrile at 298K. 
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3.4 Photophysical properties of [Ru(N^N)3f* complexes 
The photophysical properties of ruthenixim ti-is-bipyridine complexes have been 
extensively studied.^ The prototypical complex [Ru(bpy)3]2+ is reported to display 
relatively long-lived emission at room temperature, which is attributed to an MLCT 
excited state. This is i n stark contrast to ruthenium bis-terpyridine complexes, in 
which distortion f r o m an ideal octahedral geometiy brings about quenching of the 
emissive excited state via a low lying M C state."^ 
In this work, the effect of adding a phenyl substihient to the 4-position of one of the 
bpy ligands i n [Ru(bpy)3]2+ was investigated. Results are stmunarised in Table 18 w i t h 
comparison to both the unsubstihited parent complex and IRu(bpy)2((j)-bpy-(t))]2+ where 
c|)-bpy-(|) is 4,4'-biphenyl-2,2'-bipyridine. 
Complex [Ru(bpy)3]2+(b) 58 [Ru(bpy)2((t)-bpy-(|))]2+(b) 
Absorption 
Max ima /nm 
(E /M-1 cm-i) 
450 
(lowest energy 
absorption) 
454 (16900) 
430 (14000) 
399 (7030) 
288 (84100) 
253 (35000) 
246 (36300) 
458 
(lowest energy 
absorption) 
Emission Maximum 
/ n m 611 - 620 627 (") 628 
Quantum Yield x IO2 
degassed (aerated) 5.9-8.6 9.0 (1.5) -
Lifetime / ns 
degassed (aerated) 860 - 890 1291 (196) -
Table 18 Photophysical properties of [Ru(bpy)2(bpy-<t))]^ * 58 in comparison with [Ru(bpy)3]^* 
and [Ru(bpy)2((t)-bpy-(|))]2+where (t»-bpy-<t) is 4,4'-biphenyl-2,2'-bipyridine measured in 
acetonitrile at 298K. (»> K„ = 455 nm. W taken from reference' 
The introduction of a phenyl-substituent into one of the bpy ligands i n complex 58 
results i n a red shift i n the emission intensity when compared to the parent 
unsubstituted complex. This has also been observed for related complex [Ru(bpy)2((t)-
bpy-(|))]2+ i n the same solvent.204 Photophysical studies on [Ru(bpy)2(<|)-bpy-(j))]2+ i n 
other solvents and at low temperature have revealed that emission remains MLCT in 
character but may involve three equilibrated states.205'206 i t is possible that the electron 
donating ability of the phenyl-substituent is responsible for either lowering the energy 
of the ligand orbitals or increasing the metal orbitals, thus reducing the energy of the 
-resulting-MLCT-state. -
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3.5 Concluding remarks 
The photophysical properties of a number of monometallic complexes are reported. 
The effect of substituents i n both the C^N and N ^ N coordinating ligands of 
[Ir(C^N)2(N'^N)]+ complexes has been investigated, w i t h the p H dependence of 
emission being determined for those complexes bearing either protonatable pyr idyl or 
dimethylamino groups, or deprotonatable hydroxy substituents. Computational 
studies support the suggested existence of a low energy ILCT state, which may be 
responsible for some of the p H responsive emission characteristics observed. The 
attempted use of election-withdrawing fluorine substituents to bring about emission 
f r o m analogous rhodixmi complexes has proved unsuccessful, although the use of pba 
leads to emissive complexes. The photophysical properties found for these 
monometallic complexes w i l l be exploited for the design of multimetalUc systems in 
which the channelling of energy is desired. 
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CHAPTER 4 
SYNTHESIS OF M U L T I M E T A L L I C 
COMPLEXES 
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4 Synthesis of Multimetalllic Complexes 
The synthesis of heterometallic systems has most often involved the pre-synthesis of 
ligands fol lowed by stepwise complexation procedures. The 'complexes as metals, 
complexes as ligands' approach is an example of this where complexes containing 
labile ligands are used as synthetic equivalents to 'metals', whilst complexes w i t h 
ligands containing free chelating sites act as 'complex ligands'.^-^ However, i n order to 
gain contiol over the f inal assembly structure using this technique, i t is necessary to 
introduce protection and deprotection steps, for example by using methylation to block 
a potential binding site.^ 54-i57 
More recentiy, the use of metal catalysed cross-coupling reactions has been 
investigated for the generation of multimetaUic systems. There are two angles f r o m 
which this type of synthesis can be approached. The f i rs t involves in situ reactions on 
the back of a metal complex in order to produce a new chelating site, which can in turn 
be complexed to a second metal centie. Both nickeli^s and palladium^i^'i^^ catalysed 
reactions have been used for this purpose. Alternatively, cross-coupling reactions can 
be used for the direct joining of two or more metal complexes. 
The Sonogashira reaction has been studied for this purpose.i3'''i74'i78 Initially 
multimetallic systems were generated via the coupling of bromo-substituted 
complexes w i t h organic multi-ethynylated compovmds,"^ but this technique can only 
ever fo rm homonuclear and symmetrical systems. Subsequent reports by the same 
groupi''5/'76 detail the direct cross coupling of bromo- and ethynyl-substituted 
complexes for the contioUed synthesis of multimetallic systems in good yields (Figure 
88). 
R u R u 
(bpy)2 (bpy)2 
Figure 88 Sonogashira coupling of metal complexes to generate bimetallic systems '^'' 
The Suzuki cross-coupling reaction has also been used for the generation of 
multimetallic species, w i t h successful couplings between bromo-substituted metal 
complexes and purely organic aryl boronic acids (Figure 89) having been 
described.i8iA82 Some ftirther papers have been published on this topic during the 
course of this work,88-i83 however, no reports of direct couplings between bromo- and 
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boronic acid functionalised metal complexes have been reported to date. 
Pd(PPh3)4 
DME, EtOH 
NaoCOsfaq) 
Figure 89 Suzuki cross-coupling to generate multimetallic species"! 
The work presented in this chapter addresses this area and investigates the use of the 
Suzuki cross-coupling reaction for the direct coupling of appropriately functionalised 
metal complexes, in order to provide a simple, reliable, versatile and contiolled 
synthesis of multimetallic systems (Figure 90). Chapter 2 details the synthesis of 
monometallic metal complexes which incorporate the necessary pendent bromo- or 
boronic acid functionalities. Wi th in the current chapter, the cross-coupling of these 
building blocks to generate b i - and tiinuclear complexes is discussed, followed by the 
in situ elaboration of these multimetallic species to allow access to higher order 
systems. 
) - B r + (H0 )2B- ( Mi 
Pd 
Figure 90 Schematic representation of the Suzuki reaction for the direct coupling of 
appropriately substituted metal complexes 
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4.1 Suzuki couplings between monometallic building blocks 
In the first instance, Suzuki cross-coupling reactions were studied between 
appropriately functionalised monometalhc building blocks. A t the start of this work, 
there were a few isolated reports showing that metal complexes containing bromo-
substituted polypyr idy l ligands can imdergo successful Suzuki cross-coupling 
reactions w i t h aryl boronic acid species,i4i'i8i,i82 and indeed some of the earlier work 
presented in Chapter 2 demonstiates this. The electron wi thdrawing effect of 
coordinating the Hgand to a metal centre is believed to facilitate the oxidative addition 
step involved in the catalytic cycle. However, the reactivity and general behaviour of 
unreported boronic acid substituted metal complexes were unknown. 
I t was of interest to use this synthetic technique to produce multimetallic arrays 
capable of funnel l ing energy to one specific terminus. In order to create this 
channelling effect, the bui lding blocks involved are required to have excited state 
energies w i t h i n a particular range. For instance, monometallic complex 
[lr(ppy)2(bpy-ph)]+ 52 has an emission wavelength of 613 nm, rendering i t higher in 
energy than [Ru(bpy)2(bpy-ph)]2+ 58 which emits at 627 nm. By combining these two 
building blocks to fo rm a single molecule, i t is expected that energy tiansfer wou ld 
take place i n the i r i d ium to ruthenium direction (Figure 91) i f the bridging ligand does 
not greatiy affect the excited state properties of the multimetaUic species. This allows 
the design of multimetallic arrays in which i t may be possible to predict reliably the 
direction of energy transfer. 
bridging unit 
predicted direction of energy transfer 
Figure 91 Predicted energy transfer direction for bimetallic species containing 
[Ir(C'^N)2(N'^N)]+ and [Ru(bpy)3]2+ building blocks 
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4.1.1 [lr(C^N)2(N^N)]* and [Ru(bpy)3l^* building bloclts 
Suzuki reactions were carried out in an attempt to cross-couple i r id ium complexes of 
the type [Ir(C^N)2(N^N)]+, contairring a bromo-substituent on eitiier the N ^ N or C ^ N 
coordinating ligand, w i t h a boronic acid substituted complex. In aU cases the 
conditions employed were based on those previously reported for the Suzuki coupling 
of bromo-substituted i r id ium 2,2':6',2"-terpyridine complexes w i t h aryl boronic 
acids:"2 a Pd(PPh3)4 catalyst and aqueous soditun carbonate base in degassed DMSO 
solvent. Complexes prepared via this route are summarised i n Table 19. 
No. 
Bromo Reagent 
[Ir(C'^N)2(N^N)]^ 
Boronic Ac id Reagent 
[M(L)2(bpy-(t)-B(OH)2)]"^ 
Product 
C ^ N hgand N ' ^ N hgand 
C ^ N / N ^ N 
ligand (L) 
Metal 
67 ppy bpy-Br bpy Ru Ir-(t>-Ru 
68 ppy bpy-(t)-Br bpy Ru Ir-(j)-(j)-Ru 
69 ppy-Br bpy bpy Ru [Ru-(t)]2-Ir 
70 ppy-Br bpy ppy-Fa Ir [IrF2-(j)]2-Ir 
Table 19 Multimetallic species obtained via direct coupling of monometallic building blocks 
using the Suzuki reaction 
Bromo-substituted i r id ium complexes [Ir(ppy)2(bpy-Br)][PF6] 32 and [Ir(ppy)2(bpy-())-
Br)][PF6] 37 were independentiy reacted w i t h [Ru(bpy)2(bpy-(t)-B(OH)2)][PF6]2 57 to 
generate the heteronuclear ir idium-ruthenium bimetallic species Ir-(t)-Ru 67 and 
Ir-(|)-(t)-Ru 68 respectively, both i n 66% yield. In fact, the successful s}mtheses of 67 and 
68 proceeded remarkably cleanly, w i th the main side product being identified as 
deboronated ruthenivun complex 58, which was removed via column chromatography. 
32 n=0, 37 n=1 
+ 
Br + B 
n HO 
..J^ Pd(PPh3)4 Q-'v I .v^ '^^ '^  
Na2C03 
4 7 DMSO 
57 67 [32 + 57] n=0 
68 [37 + 57] n=1 
Figure 92 Synthesis of Ir-(|)-Ru 67 and Ir-(j)-(j)-Ru 68 using the Suzuki reaction 
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In order to investigate the possibility of carrying out simultaneous Suzuki couplings to 
create tiimetallic species, the dibrominated i r id ium complex 46, containing two 
brominated ppy ligands, was reacted on separate occasions wi th 
[Ru(bpy)2(bpy-(t)-B(OH)2)][PF6]2 57 and [lr(ppy-F2)2(bpy-(|)-B(OH)2)][PF6] 61 (Figure 93). 
By employing the same Suzuki reaction conditions, tiimetalHc species [Ru-(|)]2-lr 69 and 
[lrF2-(j)]2-Ir 70 were isolated and purif ied via colvunn chromatography. Although 
[lrF2-(t)]2-Ir 70 carries an overall +3 charge, as this is spread over what is essentially 
equivalent to three monometallic complexes, the Rf of this complex is very similar to 
that of the starting materials, rendering purification more di f f icul t i n this case. 
UM 
(1^ :ML. 
Br 
46 
HO , , 
2eq \J \ 
HO 
57 M=Ru, L=bpy 
61 M=lr, L=ppy-F2 
Br ^ 
n+ 
Pd(PPh3) 
NazCOs 
DMSO 
(2n+1)+ 
L,M 
69 [46 + 57] M=Ru, L=bpy, n=2 
70 [46 + 61] M=lr, L=ppy-F2, n=1 
Figure 93 Synthesis of [Ru-(|)]2-Ir 69 and [Ir''2-(j)]2-lr 70 using the Suzuki reaction 
4.1.2 Building blocks containing 2,2':6',2"-terpyridine ligands 
The examples considered so far involve a combination of ppy and bpy based ligands 
wi th iridivun and ruthenium metal centies. The S5nithesis of i r id ium and ruthenitim 
complexes containing bromo-substituted 2,2':6',2"-terpyridine ligands was carried out 
in order to investigate the use of the Suzuki cross-coupling reaction for the generation 
of mixed ligand multimetallic species w i t h xmsymmetrical bridging ligands, which 
may otherwise be time constraiing and complicated to pre-synthesise. 
By applying the same Suzuki reaction conditions, successful cross couplings were 
achieved between [lr(tpy)(tpy-(t)-Br][PF6]3 65 and [Ru(bpy)2(bpy-(t)-B(OH)2)][PF6]2 57, 
and between [Ru(tpy)(tpy-(t)-Br)][PF6]2 66 and [Ir(ppy)2(bpy-(t)-B(OH)2)][PF6] 59 to give 
rise to heterometallic dimeric species 'pylr-clj-ttj-Rubpy 71 and tpyRu-(t)-(t)-IrPPy 72 (Figure 
94). Separation of complex 71 f r o m unreacted [Ir(tpy)(tpy-(j)-Br)]3+ proved diff icul t due 
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to similar Rf values, but was achieved after multiple purifications via column 
chromatography. 
(tpy)M N 
~1' 
M'Lj ^ ; ' ^ > (tpy)M N 
NazCOa 
DMSO 
65 M=lr, n=3 
66 M=Ru, n=2 
57 M-Ru, L=bpy, m=2 
59 M-Ir, L=ppy, m=1 
(n+m)+ 
M l , 
71 [65 + 57] M=lr, M'=Ru 
L=bpy, (n+m)=5 
59 [66 + 59] M=Ru, M'=lr 
L=ppy, (n+m)=3 
Figure 94 Synthesis of «pyIr-<|)-(t»-Ru''Py 71 and »pyRu-(|)-(j)-IrPPy 72 using the Suzuki reaction 
4.2 Generation of larger multimetallic systems: in situ Suzuki 
couplings on multimetallic species 
The work reported above shows that the Suzuki cross-coupling reaction can be used as 
a powerful tool for the controlled synthesis of multimetallic systems. However, the 
examples given so far involve coupling reactions between monometallic building 
blocks, and as such the number of metal centres involved has been l imited to two or 
three. As an extension to this work, the use of the Suzuki reaction for the elaboration 
of multimetallic species in situ has been investigated, i n an effort to develop a 
divergent and controlled method for the generation of larger multimetallic systems. 
4.2.1 Bromination of dimeric species 
In Chapter 2, the regiospecific bromination of monometallic complexes of the type 
[Ir(C^N)2(N^N)]+ was discussed. Providing that the phenyl r ing of the C^N ligand 
was not fluoro-substituted, bromination at the site para to cyclometalation was found 
to proceed smoothly at room temperature i n the presence of N-bromosuccinimide in 
acetonitiUe. The application of this reaction to multimetallic complexes containing 
[lr(C'^N)2(N'^N)]+ moieties would allow access to brominated species which could be 
used in further cross-coupling reactions to create higher order systems (Figure 95). 
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NBS, MeCN I 
Pd(0) 
n+ 
(3+2n)H 
Figure 95 General scheme for the in situ elaboration of multimetallic species to generate 
higher order systems 
Reaction of the bimetallic complexes lr-(|)-Ru 67 and lr-(t)-(|)-Ru 68 w i t h NBS in 
acetonitrile at room temperature was successful i n producing the dibrominated species 
IrBr2-(|)-Ru 73 and lrBf2-(t)-(|)-Ru 74 respectively (Figure 96). Excellent yields were 
obtained fo l lowing ion exchange to isolate the hexafluorophosphate salt and no further 
purification was required before using these species i n subsequent cross-coupling 
reactions. 
-IN 
^ 3 + Br-
N B S 
C H 3 C N ' 
67 n=0, 68 n=1 
Br 
73 n=0, 74 n=1 
Br 
Figure 96 Dibromination of dimeric species to produce Ir '^^ -itj-Ru 73 and Ir'"2-(t)-(j)-Ru 74 
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4.2.2 Suzuki couplings to generate tetrameric species 
Having the ability to exert some contiol over the direction of energy tiansfer i n 
multimetallic species by careful selection of the peripheral bui lding blocks is an 
attractive prospect. I n order to extend brominated complexes 73 and 74 to tetiameric 
species possessing this energy-channelling ability, the boronic acid appended 
complexes chosen for the Suzuki reaction must provide a bui lding block of at least 
equal, but preferably higher energy than those already incorporated. [lr(ppy)2 
(bpy-(|)-B(OH)2)]^ 59, [Ir(ppy-F)2(bpy-(|)-B(OH)2)]- 60, [lr(ppy-F2)2(bpy-(t)-B(OH)2)]- 61 
and [Rh(pba)2(bpy-(|)-B(OH)2)]^ 62 were selected as candidates to f i i l f i l this role based 
on the emission energies for the respective [M(C'^N)2(bpy-(j))]+ tinits as reported in 
Chapter 3. A n example structure indicating the predicted direction of energy tiansfer 
is shown in Figure 97. 
5+ 
F F 
Figure 97 Predicted direction of energy transfer for an example tetrameric species 
Investigation into the use of the Suzuki reaction to couple the dibrominated binuclear 
complexes IrBf2_(|).Ru 73 and IrBr2-(|)-(j)-Ru 74 w i t h these boronic acid substituted metal 
complexes was carried out. Successfiil reactions of this type require that two 
simultaneous Suzuki couplings take place, as seen for the synthesis of tiinuclear 
complexes 69 and 70. Tetianuclear complexes produced via cross-couplings carried 
out i n degassed DMSO in the presence of aqueous sodiimi carbonate base and 
Pd(PPh3)4 catalyst are svunmarised in Table 20 w i t h the general scheme outiine in the 
accompanying figure (Figure 98). These reactions were observed to proceed relatively 
cleanly, w i t h excess boroiuc acid substituted complexes being removed via column 
chromatography. The synthesis of mixed metal species [Rh-(t)]2-Ir-(t)-Ru 78 
demonstiates that the Suzuki coupling can be extended to include rhoditun based 
building blocks as we l l as those containing i r id ium and ruthenitun. 
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K " Br 
[M(C'^N)2(bpy-(t.-B(OH)2)]" 
Pd(PPh3)4 <r-N 
NazCOa ° 
DMSO 
[M^"-^]2-lr-((t.)n-Ru 
Figure 98 General scheme for the production of tetrameric species using the Suzuki reaction 
No. Bromo reagent Boronic acid reagent Product Yield 
75 IrBr2-(j)-(j,.Ru 74 [Ir(ppy)2(bpy-(|)-B(OH)2)]-59 [Ir-(t)]2-Ir-(|)-(|)-Ru 51% 
76 IrBr2.,j).,|,.Ru 74 [Ir(ppy-F)2(bpy-(t)-B(OH)2)]^ 60 [IrF-(|)]2-Ir-(t)-(|)-Ru 41% 
77 IrBr2_,j,.^.Ru 74 [Ir(ppy-F2)2(bpy-(t)-B(OH)2)]- 61 [IrF2-,t>]2-Ir-(t)-(|)-Ru 41% 
78 IrBr2.(^.Ru 73 [Rh(pba)2(bpy-())-B(OH)2)]* 62 [Rh-(|)]2-Ir-(|)-Ru 37% 
Table 20 Tetrameric species synthesised using the Suzuki cross-coupling reaction 
For all of the tetiameric species described, almost complete assignment of the i H NMR 
spectia was achieved w i t h assistance f r o m spectia of the relevant monometallic and 
bimetallic complexes i n the same deuterated solvent, ^H-iR COSY spectia and iR-^H 
ROESY spectia. These compounds were found to be too large for iH-^H NOESY 
spectia to be obtained. A n example of an assigned N M R spectiimi is given for 
complex 77 in Figure 99. 
J 
8.5 8.0 7.5 7.0 6.5 ppm 
Figure 99 NMR spectrum for tetrameric complex 77 measured at 500 MHz 
The large positive charge associated w i t h the complexes makes them ideal for 
characterisation via electrospray mass spectrometry. A series of peeiks can be reported 
for various combinations of the complex w i t h different numbers of 
hexafluorophosphate anions. Whilst high resolution electrospray mass spectrometry 
produced excellent agreements between measured and calculated masses, the number 
of molecular formulae that matched the calculated mass w i t h i n 5 ppm and involved 
only those atoms contained wi th in the desired complex was rather high. As such, to 
support the mass measurements, i t was found that isotope peak matching could be 
used and provides a definitive proof of identity of the complex. This is demonstrated 
in Figure 100 for complex 77. 
101 [CisoHssNigFsIraRuPFJ"- 77 781.7 
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Figure 100 Isotope peak matching for tetrameric complex 77 
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4.2.3 Octanuclear species 
To extend the use of the Suzxiki cross-coupling reaction for the generation of 
multimetallic systems one step further, the synthesis of an octanuclear complex was 
attempted; the simplest way to achieve this being the in situ bromination of a terameric 
species containing four ppy type ligands. The cross-coupling of such a species with an 
appropriate boronic acid substituted complex would generate a complex containing 
eight metal centres. 
Investigation of the regioselective NBS bromination reaction on monometallic 
complexes of the type [Ir(C'^N)2(N'^N)]+ had revealed that the complex containing 
ppy-F ligands could be brominated trans to the site of cyclometalation if the reaction 
mixture was gently heated. The analogous reaction was attempted for tetrameric 
species [lrF-(t)]2-Ir-(|)-<t)-Ru 76 also containing ppy-F ligands, but a single product could 
not be isolated (Figure 101). Electrospray mass spectrometry revealed the presence of a 
mixture of bromination products, including a species containing five bromine atoms. 
The complexity of the NMR spectrum rendered identification of the site of the 5* 
bromination impossible. 
F \ , B r 
. , . 0 ''NJBS-'' 
^ CH;^'N; '&P' 'C 
76 [ir-(t)]2-lr-(t)-(|)-Ru B r 
F 
Figure 101 Failed attempt to brominate tetrameric species [Ir''-(t)]2-Ir-(t)-(j)-Ru 76 
Instead, bromination of the tetrameric species [Ir-(|)]2-Ir-(|)-(t)-Ru 75 with unsubstituted 
ppy ligands was attempted by reaction with NBS in acetonitrUe at room temperature. 
This was successful in brominating tetramer 75 at the four expected positions giving 
[IrB''2.,j)]2-lr-(|)-(()-Ru 79 in quantitative yield. A subsequent Suzuki reaction between this 
multiply brominated species and [Ir(ppy-F2)2(bpy-(|)-B(OH)2)]^ 61 was successful in 
producing octameric species [[IrF2-(j)]2-Ir-(|)]2-Ir-(ti-(|)-Ru 80 (Figure 102). Purification via 
column chromatography proved more difficult in this case, probably due to the 
increased charge and size of the molecule, which would perhaps make it more suitable 
103 
for purification via size exclusion methods or electrophoresis. Full assignment of the 
i H NMR was not achieved in this instance due to the large number (194!) of aromatic 
protons present, although characteristic peaks at either end of the spectium were 
identified. Electrospray mass spectrometry and isotope peak matching confirmed the 
formation of the desired species 80 (Figure 103). 
i J 79 [lr^^''-(t)]2-lr-(t)-(t)-Ru 
Pd(PPh3 
NaaCOa 
D M S O 
n 
(HO) ,B- ( "';:\rC 61 
8 0 [[ir^-(|)]2-lr-(|)]2-lr-(|)-ct)-Ru 
4 3 ^ 
Figure 102 Synthesis of octameric species [[Ir''^(|)]2-Ir-<t)]2-Ir-(|)-(j)-Ru 80 via the Suzuki reaction 
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Figure 103 Isotope peak matching for octameric complex 80 
4.3 Concluding remarks 
The work presented in this chapter provides the first documentation of the successful 
use of the Suzuki cross-coupling reaction for the direct coupling of bromo- and boronic 
acid functionalised metal complexes. A series of multimetallic complexes has been 
synfhesised containing from two to eight metal centres, with examples including a 
combination of ruthenium, iriditun and rhodium. A number of coordinating ligands 
have been used within these complexes including 2,2'-bipyridine, 2-phenylpyridrne 
and 2,2':6',2"-terpyridine type ligands. Whilst initial studies involved the coupling of 
appropriately functionalised monometallic complexes, the exploitation of a simple and 
mild in situ bromination reaction allows further coupling of multimetallic species in a 
stepwise divergent manner. The technique presented here avoids both the pre-
synthesis of bridging ligands and the need for any protection or deprotection steps. 
The Suzuki cross-coupling reaction provides a simple, reliable and versatile synthesis 
for the controlled generation of multimetallic arrays. 
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CHAPTER 5 
PHOTOPHYSICAL STUDY OF 
M U L T I M E T A L L I C COMPLEXES 
106 
5 PhotophysicaB Study of Multimetallic CompBexes 
The idea of producing mtiltimetallic arrays with energy-channelling abilities, via the 
careful selection of components which have excited states within a particular energy 
range, was introduced in chapter 4. In this chapter, the photophysical properties of the 
new multimetallic complexes prepared by cross-coupling are discussed in an attempt 
to determine whether or not energy transfer can be reliably predicted based on the 
properties of monometallic building blocks. 
5.1 Photophysical properties of bimetallic complexes 
5.1.1 Complexes containing [Ru(bpy)3]^^ and [lr(C''N)2(N''N)r building 
blocks 
As reported in chapter 3, monometallic complex [Ru(bpy)2(bpy-ph)]2+ 58 has an 
emission maximtmi of 627 nm in aerated acetonitrUe at room temperature, whilst 
[Ir(ppy)2(bpy)]+ 24 and [lr(ppy)2(bpy-ph)]+ 52 emit at 610 nm and 613 nm respectively 
under the same conditions. If these two types of building block are combined within 
the same molecule, it is possible that the resulting bimetallic species may exhibit 
photophysical properties that are predictable from the properties of the individual 
components. That is, that energy transfer may take place from the higher energy 
iridium-based excited state to the lower energy ruthenium-based excited state, thus 
resulting in emission characteristic of the ruthenium tiis-bipyridine moiety. However, 
this prediction relies entirely upon the bridging ligand having littie or no effect upon 
the excited state energy of the bimetallic complex. If this is the case, then the bimetallic 
species would be expected to retain the properties previously identified for the 
individual building blocks. 
Throughout this work, the bridging tmits that are generated via cross-coupling 
methodology are phenyl or biphenyl linkers, joined via substitution at the para 
position. In order to investigate the effect of these phenyl bridging units on the excited 
state energy of bimetallic species containing [lr(ppy)2(bpy)]* and [Ru(bpy)3]2'^ building 
blocks, the photophysical properties of bimetalUc complexes Ir-(j)-Ru 67 and lr-(j)-(|)-Ru 
68 were studied. A summary of the results obtained is provided in Table 21. 
The absorption spectra for both bimetalUc complexes display peaks characteristic of the 
ruthenium and iridivun building blocks, with the overall shape of the spectia being 
similar to those resulting from addition of the spectra belonging to the two relevant 
=building blocks (Figure 104 and Figure 105). This'suggests that the iridium and" 
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ruthenium components are retaining the properties exhibited when isolated as 
monometallic complexes. For complex 68, containing two phenyl bridging rings, an 
enhancement in molar absorptivity is observed between 320 and 400 nm attributed to 
extended conjugation in comparison to the building blocks. This is not observed for 
complex 67 which only contains one bridging phenyl ring. 
Complex lr-(|)-Ru 67 lr-<|)-(t)-Ru 68 
Absorption Maxima / n m 
(e /M-i cm-i) 
460 (13700) 
435 (12200) 
365 (15500) 
310 (38900) 
288 (68700) 
255 (44700) 
250 (44000) 
454 (22500) 
430 (20100) 
353 (43400) 
324 (60200) 
288 (112000) 
253 (67900) 
246 (66800) 
Emission Maxrmiun(3) / n m 638 629 
Quantum Yield x IO2 
degassed (aerated) 
16 (2.1) 11 (1.7) 
Lifetime /ns 
degassed (aerated) 
1830 (245) 1590 (225) 
Table 21 Photophysical properties of Ir-(t)-Ru 67 and Ir-(|)-(|)-Ru 68 measured in acetonitrile at 
298K. Xex = 455 nm. 
Q 
- - - 2 4 
58 
• • 67 
- - - Sum 24 + 58 
200 250 350 400 450 
Wavelength /nm 
Figure 104 Absorption spectra of Ir-(t)-Ru 67 and building blocks [Ir(ppy)2(bpy)]* 24 and 
[Ru(bpy)2(bpy-ph)]2+ 58, measured in acetonitrile at 298K. 
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Figure 105 Absorption spectra of Ir-<t)-({i-Ru 68 and building blocks [Ir(ppy)2(bpy-ph)]+ 52 and 
[Ru(bpy)2(bpy-ph)]2+ 58, measured in acetonitrile at 298K. 
Upon excitation at any wavelength within the range 300 - 500 nm, a single emission 
band is observed at 638 nm and 629 nm for Ir-(|)-Ru 67 and lr-(j)-(t)-Ru 68 respectively, 
close to that observed for [Ru(bpy)2(bpy-ph)]+ 58 at 627 nm. No emission band is 
observed at higher energy, in the region where the mononuclear units [Ir(ppy)(bpy)]+ 
or [lr(ppy)2(bpy-ph)]+ would be expected to emit (Figure 106). 
The red shift of emission maximum observed for lr-<j)-Ru 67 may suggest that the 
rutheniiun centie is somewhat perturbed by the iriditun centre due to separation by 
only one phenyl ring. This implies that the iridiim\ complex acts as a more strongly 
electron withdrawing substituent than a simple phenyl group. For both bimetallic 
complexes, the excitation spectrum registered at the emission maximimi matches the 
profile of the absorption spectiiun (Figure 106). These combined observations provide 
conclusive evidence that excitation is followed by rapid energy transfer to the 
ruthenitun centre, as can be predicted from the relative energies of the building blocks 
involved. 
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Figure 106 Normalised absorption and emission spectra (\ex = 455 nm) for Ir-(j)-(t)-Ru 68 in 
aerated C H 3 C N at 298K, with overlaid excitation spectrum (\em = 630 nm) offset for clarity. 
Emission spectra for building blocks [Ir(ppy)2(bpy-ph)]+ 52 and [Ru(bpy)2(bpy-ph)]2+ 58 also 
given for comparison. 
Previous work carried out on bimetallic species also containing [Ru(bpy)2(N'^N)]2+ and 
[Ir(ppy)2(N^N)]+ building blocks clearly shows that the final photophysical properties 
observed are absolutely dependent upon the bridging ligand. For instance, whilst the 
3,5-bis(pyridin-2-yl)-l,2,4-triazole (bpt) (Figure 107a) bridged complex [(bpy)2Ru(bpt) 
Ir(ppy)2]2+ also displays emission characteristic of the ruthenivun centre,i6o the similar 
complex, bridged instead by 1,4,5,8,9,12-hezaazatriphenylene (HAT) (Figure 107b), 
exhibits iridvun-based emission characteristics.i^i This implies that energy transfer 
occurs in the opposite direction in the H A T complex, meaning that this bridge must 
affect the excited state energy of the bimetallic complex. 
N — N 
(a) bpt (b) HAT 
Figure 107 Bridging ligands (a) 3,5-bis(pyridin-2-yl)-l,2,4-triazole (bpt) and 
(b) 1,4,5,8,9,12-hezaazatriphenyIene (HAT) 
JChe-results obtained for complexes 67 and 68 suggest that the phenyl or biphenyL 
bridging unit present has Uttle or no effect on the excited state of the overall complex. 
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This allows for the reliable prediction of energy transfer in complexes of this nature, 
and hence the appropriate design of energy-channelling systems. 
5.1.2 Complexes combining [Ru(bpy)3]^* or [lr(ppy)2(bpy)]* building 
blocks with terpyridine-containing units 
Complexes tpyIr-(t)-(t)-Rui'py 71 and >pyRu-^-^-lrPPy 72 contain unsymmetrical bridging 
ligands, terminating with either a ppy or bpy ligand at one end and with the terdentate 
2,2':6',2"-terpyridine (tpy) ligand at the other. The photophysical properties of these 
two complexes were investigated and results are summarised in Table 22. 
The building blocks chosen for comparison in the case of 71 are [Ir(Me-tpy)(ttpy)]3+ 
(Aem = 506 nm)"4, where Me-tpy is 4'-methyl-2,2':6',2"-terpyridine and ttpy is 4'-tolyl-
2,2':6',2"-terpyridine, and [Ru(bpy)2(bpy-ph)]2+ (Aem = 627nm). For complex 72, the 
models are [Ru(ttpy)2]2+ (non-emissive at 298 K)207 and [lr(ppy)2(bpy-ph)]+ 
(Aem = 613 nm). 
Complex 'pylr-(|)-(|)-Rui'py 71 *pyRu-(|)-(|)-lrPpy 72 
Absorption Maxima 
/ n m 
(e / M - i cm-i) 
457 (9060) 
429 (8840) 
373 (14600) 
350 (18100) 
320 (24900) 
285 (43800) 
251 (30200) 
485 (26200) 
458 (17000) 
352 (42700) 
324(68200) 
308 (86200) 
271 (71100) 
Emission Maximum(3) 
/ n m 
630 
none observed at 
room temperature 
Quantum Yield x 10^  
degassed (aerated) 
0.27 (0.07) -
Lifetime /ns 
degassed (aerated) 
1550 (207) -
Table 22 Photophysical properties of «pyIr-(|)-(t)-Ru''Py 71 and »pyRu-(t)-(t)-IrPPy 72 measured in 
acetonitrile at 298K. W Kx = 455 nm. 
A single emission band at 630 nm arises from excitation of complex 71 at either 365 nm 
or 455 nm, indicative of emission from the ruthenium tris-bipyridine centre. No 
emission band is observed at 506 nm where the iridium bis-terpyridine unit would be 
expected to emit. As the excitation spectrum measured at the emission wavelength 
matches the absorption profile (Figure 108), it is confirmed that rapid energy transfer 
=ocGurs=to-the"rutheniimi moiety followed by emission characteristic of^this-site;= 
However, in this instance, a significantly reduced quantum yield is observed, 
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which when combined with the observed lifetime, corresponds to a radiative rate 
constant (kr) of 1.7xl03s-i and a non-radiative rate constant (Eknr) of 6.4 x 10^ , 
compared to respective values of 7.0 x 10^  s-i c i n d 7.0 x 10^ s-i for [Ru(bpy)2(bpy-ph)]2+. 
Therefore, the reduced quantum yield is attributed to a reduction in krfor complex 71. 
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m 
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2 . o 
250 450 550 
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Figure 108 Normalised absorption and emission spectra (\ex = 455 nm) for *pyIr-(|)-(|)-Ru''py 71 in 
aerated acetonitrile at room temperature, with overlaid excitation spectrum (Xem = 630 nm) 
offset for clairty. 
For complex 72, no distinct emission maximum is observed at room temperature. A 
peak in the vicinity of 613 nm would be expected under these conditions if emission 
was arising from the iridium moiety, so the lack of emission implies that energy is 
being tiansferred to the ruthenium terpyridine part of the complex, which is then non-
radiatively deactivated. This is a well known phenomenon for ruthenitmx bis-
terpyridine complexes and is attributed to the distortion from ideal octahedral 
geometiy enforced by the terpyridine Ugand, which in turn lowers the energy of the 
metal-centred state and offers a competitive non-radiative decay pathway.i^^ 
In order to probe the photophysical properties of this complex further, low 
temperature measurements were carried out. At 165K in ethanol, complex 72 exhibited 
an emission band centred at around 660 nm regardless of excitation wavelength, whilst 
at 77K a blue shift of the maximimi by approximately 20 rm\ was observed. This 
behaviour is similar to that reported for related complex [Ru(ttpy)2]2*, which has an 
emission maxunimi of 648 nm in butyronitrUe solvent at 155K, and 628 nm at 90K.195 
As_such, it can be concluded that in bimetallic complex 72, energy is efficiently 
tiansferred to the ruthenium moiety, with the resulting emission being characteristic of 
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ruthenium bis-terpyridine complexes. 
E 
m 
680 730 
Wavelength /nm 
Figure 109 Emission profile of «pyRu-(t)-(|)-IrPPy 72 recorded in ethanol at 165K (\ex = 485 nm). 
Whilst systems containing this type of unsymmetiical bridging Ugand remain 
relatively unexplored, bridges between two terpyridine termini in ruthenium-iridium 
systems have received some attention. Work on [(tpy)Ru(tpp)IrCl3]2+ where tpp is the 
bridging ligand 2,3,5,6-tetrakis-(2-pyridyl)-pyrazine (Figure 110) reveals similar 
behaviour to the systems reported here, with emission arising from the lower energy 
rutheruiun moiety, even though the lowest energy absorption is known to be irditun-
based.208 
Figure 110 Bridging ligand 2,3,5,6-tetrakis-(2-pyridyl)-pyrazine (tpp) 
However, very recently it has been reported that the introduction of rigidity into the 
bridging ligand (BL) of [(tpy)M(tpy-BL-tpy)M(tpy)]"+ type complexes can prevent 
efficient energy tiansfer between the metal centres and hence result in multiple 
Ituninescence.209 The photophysical results collected here indicate that both of the 
terpyridrne-containing complexes studied exhibit efficient energy tiansfer and 
^emi^«pn properties which can be predicted based upon the relative excited state 
energies of the component building blocks. This reinforces the previous statement that 
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the phenyl bridging imits have little or no effect on the excited state properties of these 
dimeric systems. 
5.2 Photophysical properties of trimetallic complexes 
Trimetallic complexes [Ru-(t)]2-Ir 69 and [IrF2-(|)]2-Ir 70 also contain xmsymmetrical 
bridging ligands, but in this case the phenyl groups link between a bpy ligand and a 
ppy ligand. The photophysical properties of these complexes were investigated and 
results are summarised in Table 23. For complex 69, the building blocks involved can 
be considered to be [Ru(bpy)2(bpy-ph)]2+ 58 and [lr(ppy)2(bpy)]'^ 24, whilst for complex 
70 a combination of [Ir(ppy)2(bpy)]+ 24 and [Ir(ppy-F2)2(bpy-ph)]+54 is used. 
Complex [Ru-(j)]2-Ir 69 IlrF2-(t)]2-Ir 70 
Absorption Maxima / n m 
(e /M- i cm-i) 
456 (45700) 
433 (42100) 
389 (41400) 
365 (55300) 
333 (64800) 
307 (98200) 
288 (190000) 
255 (107000) 
250 (103000) 
367 (35300) 
305 (65800) 
259 (88800) 
Emission Maximum(a) / n m 628 613 
Quantimi Yield X 102 
degassed (aerated) 
14 (1.9) 6.4 (1.6) 
Lifetime / ns 
degassed (aerated) 
1710 (198) 312 (85) 
Table 23 Photophysical properties of [Ru-(j)]2-Ir 69 and [Ir''2-(()]2-Ir 70 measured in acetonitrile 
at 298K. (»)\ex = 455 nm (69) or 400 nm (70). 
The absorption spectium of 69 is similar to the weighted svun of absorption spectia for 
building blocks [2[Ru(bpy)2(bpy-ph)]+ + [Ir(ppy)2(bpy)]+], with increased absorption 
between 320 - 400 nm (Figure 111) probably due to extended conjugation as observed 
for dimeric species 68. This suggests that the trimetallic species is retaining the 
properties exhibited by the individual building blocks. 
Upon excitation of 69 at any wavelength between 360 - 460 nm, a single emission band 
is observed at 628 nm, close to that associated with the ruthenium building block. 
However, this is also similar to the emission wavelength for [Ir(ppy-ph)2(bpy)]+ which 
_cpvdd also be_assumed as a good rnodel for the iridium part of this system. 
Nevertheless, the lifetime and quantum yield of emission for complex 69 are 
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characteristic of emission arising from the ruthenium tris-bipyridine moiety. As the 
excitation spectium obtained at the emission maximum matches the absorption 
spectrum, it is concluded that energy transfer to and subsequent emission from the 
ruthenitim termini is occurring. 
— 24 
- - 5 8 
• • 69 
• - Sum (2'58) + 24 
290 340 390 440 
Wavelength Inm 
Figure 111 Comparison of absorption spectra of [Ru-<)»]2-Ir 69 and building blocks 
[Ir(ppy)2(bpy)]+ 24 and [Ru(bpy)2(bpy-ph)12+ 58. Measured in acetonitrile at 298K. 
The absorption spectriun of 70 has a similar profile to those seen for the iridium-based 
building blocks, but intensity of absorption is substantially lower in the region below 
310 nm than would be expected from a sum of the appropriate absorption spectra 
(Figure 112). This could be attributed to the movement of L C transitions to lower 
energy due to increased conjugation, especially as increased absorption is again 
observed in the region 360 - 400 nm. 
Upon excitation of 70 at 400 nm a single emission band is observed at 613 nm, which is 
very close to that observed for the unsubstituted complex [Ir(ppy)2(bpy)]+ 24. The 
lifetime and quanttun yield of emission of 70 are of the same order of magnitude as 
those reported for complex 24 in Chapter 3. Again, the excitation spectrtmi recorded at 
the emission maximum matches the absorption profile, indicating that emission is 
arising from the non-fluorinated iridiiim centre after efficient energy transfer from the 
other iridum centres in the molecule. 
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Figure 112 Comparison of absorption spectra of [Ir''2.(t)]2-Ir 70 and building blocks 
[Ir(ppy)2(bpy)]+ 24 and [Ir(ppy-F2)2{bpy-ph)]+ 54. Measured in acetonitrile at 298K. 
The direction of energy transfer and emission characteristics from both of the 
tiimetalHc species studied here can be reUably predicted from the relevant 
monometallic building blocks. This indicates again that phenyl bridging units do not 
alter the excited state energy of the overall complex. 
5.3 Photophysical studies of tetrametallic species 
The photophysical properties of three tetiameric species involving ruthenitmi and 
iridium metal centies were investigated and results are summarised in Table 24. The 
following building blocks are chosen for comparison: [Ir(ppy)2(bpy-ph)]+ 52 and 
[Ru(bpy)2(bpy-ph)]^ 58 for [Ir-(|)]2-lr-(t)-(|)-Ru 75; [lr(ppy-F)2(bpy-ph)]^ 53, Ilr(ppy)2(bpy-
ph)]+ 52 and [Ru(bpy)2(bpy-ph)]+ 58 for [IrF-(t)]2-Ir-(t)-(t)-Ru 76, and [Ir(ppy-F2)2(bpy-ph)]+ 
54, [Ir(ppy)2(bpy-ph)]+ 52 and [Ru(bpy)2(bpy-ph)]+ 58 for [IrF2-(j)]2-lr-(t)-(|)-Ru 77. Figure 
113 shows the absorption, excitation and emission spectia obtained for complex 77, 
along with emission spectia for the relevant monometallic building blocks. 
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Complex [Ir-(t)]2-Ir-(|)-(|)-Ru 
75 
[IrF-(t)]2-Ir-(|)-(t)-Ru 
76 
[IrF2.^]2-lr-(t)-(|)-Ru 
77 
Absorption Maxima 
/ n m 
(e /M- i cm-i) 
455 (28100) 
365 (101000) 
309 (137000) 
287 (192000) 
257 (161000) 
454 (28500) 
418 (39000) 
367 (105000) 
313 (141000) 
286 (206000) 
255 (178000) 
450 (26300) 
418 (35900) 
356 (89000) 
308 (135000) 
286 (183000) 
251 (154000) 
Emission 
Maxrmtim(a) / n m 630 630 630 
Quanttun Yield x IO2 
degassed (aerated) 
14 (2.1) 14 (2.1) 13 (1.7) 
Lifetime /ns 
degassed (aerated) 
1710 (225) 1680 (219) 1660 (225) 
Table 24 Photophysical properties of [Ir-(|)]2-Ir-(|)-(|)-Ru 75, [Irf-(t)]2-Ir-(|)-(t)-Ru 76 and 
[IrF2-(j)]2-Ir-(t)-<t)-Ru 77 measured in acetonitrile at 298K. («)Xex = 455 nm. 
AbS 77 
Ex 77 
Em 54 
Em 24 
Em 58 
Em 77 
550 
Wavelength /nm 
Figure 113 Normalised absorption and emission spectra (Xex = 455 nm) for [Ir''2-(j)]2-Ir-(|)-(t)-Ru 
77 in aerated acetonitrile at room temperature, with overlaid excitation spectrum (Xem = 
630 nm) offset for clarity. Emission spectra for building blocks [Ir(ppy-F2)2(bpy-ph)]+ 54, 
[Ir(ppy)2(bpy-ph)]+ 52 and [Ru(bpy)2(bpy-ph)]+ 58 also given for comparison. 
The absorption spectra for complexes 75 - 77 are similar in shape to the svun of the 
spectia of the relevant buUding blocks with, in all cases, enhanced molar absorptivity 
in the 320 - 400 nm region attributed to increased conjugation in the mtdtimetallic 
species. 
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All three tetiameric species exhibit a single emission band at 630 nm regardless of 
excitation wavelength, with the lifetime and quantum yield measurements typical of 
the [Ru(bpy)2(bpy-ph)]+ building block. The excitation spectrum recorded at the 
emission maximum matches the absorption profile closely for aU three complexes (e.g. 
Figure 113 for complex 77) . As for the analogous dimeric species 68, this suggests that 
in all three tetiameric species, excitation is followed by rapid energy tiansfer to the 
ruthenium terminus, in line with the ordering of the energy levels of the three 
constituent xmits (e.g. Figure 114 for complex 77) . In addition, it seems that the 
incorporation of fluorine substituents to raise the energy of the excited state of 
peripheral uruts is not necessary for the cascade of energy to the ruthenitun terminus to 
occur. 
5+ 
Figure 114 Direction of energy transfer in tetrameric complex 77 
The direction of energy tiansfer occurring within these tetiameric species contiasts 
greaUy to that observed for similar species containing the 2,3-bis(2-pyridyl)pyrazine 
(2,3-dpp) bridging ligand. The complex [Ru[(2,3-dpp)Ir(ppy)2]3]^* (Figure 115) displays 
iridium-based emission upon direct excitation of the ruthenium centie, indicating that 
energy is efficientiy tiansferred in the ruthenium-to-iridium direction.iss This implies 
that the dpp bridge is involved in perturbing the excited state of the tetianuclear 
complex, iinlike the phenyl bridging units used in this work. 
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{ppy)2ir-
(ppy)2ir 
Figure 115 [Ru[(2,3-dpp)Ir(ppy)2]3]5+ where dpp is 2,3-bis(2-pyridyI)pyrazine 
Further evidence for the lack of effect of the phenyl bridging units on the properties of 
tetranuclear complexes may be taken f r o m electrochemical measurements on 
[IrF2-(j)]2-Ir-(|)-(t)-Ru 77, which revealed that the oxidation of Ru2+ to Ru3+ occurs at 1.27 V, 
approximately the same potential as that recorded for both dimeric complex Ir-(j)-(|)-Ru 
68 (1.28 V) and monometallic species [Ru(bpy)2(bpy-ph)]+ 58 (1.26 V). 
A tetrameric species involving peripheral rhodixma imits of the type [Rh(pba)2(bpy)]+ in 
combination w i t h the aforementioned ruthenitim and i r i d ium buUding blocks was also 
studied. The photophysical properties of [Rh-(j)]2-lr-(|)-Ru 78 are summarised in Table 
25. 
Complex [Rh-(l)]2-Ir-(t)-Ru 78 
Absorption Maxima 
/ n m 
(e / M - i cm-i) 
456(20200) 
369 (67000) 
309 (146000) 
289 (175000) 
256 (128000) 
249 (124000) 
Emission 
Maximvun(*) / nm 
640 
Quantum Yield X102 
degassed (aerated) 
15 (2.1) 
Lifetime / ns 
degassed (aerated) 
1980 (256) 
Table 25 Photophysical properties of [Rh-(t)]2-Ir-(t)-Ru 78 in C H 3 C N at 298K. (') Kx = 455 nm. 
In this instance there is only one bridging phenyl r ing between the i r id ium and 
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ruthenium centres and so the bui lding blocks for comparison are [Rh(pba)2(bpy-ph)]'^ 
55, [Ir(ppy)2(bpy)]- 24 and [Ru(bpy)2(bpy-ph)]2^ 58. 
The absorption spectrum of 78 adopts a shape similar to the sum of the spectra of the 
individual bui lding blocks, but again an increased absorption is noted between 
310 - 400 n m due to extended conjugation. The single emission band w i t h a maximum 
of 640 nm, obtained via excitation at wavelengths between 370 n m and 455 nm, is red 
shifted compared to the other tetrameric systems studied, but very similar to the 
analogous dimeric species Ir-(t)-Ru 67 (Aem = 638 nm) also w i t h one bridging phenyl 
unit. This could be attributed to the electron wi thdrawing effect imposed by the 
i r id ium complex which is only separated by a single phenyl r ing i n this case. 
Again, as the excitation spectrum obtained at the emission maximixm closely matches 
the absorption profile (Figure 116), i t is concluded that energy transfer to and emission 
f rom the ruthenium moiety is occurring. As the rhodiiun bui ld ing block is only 
moderately emissive at room temperature, the energy trcinsfer taking place throughout 
this tetrameric complex must be fast enough to compete w i t h the other deactivating 
processes present. 
I 
Abs 78 
Ex 78 
Em 55 
Em 67 
Em 78 
560 
Wavelength Inm 
Figure 116 Normalised absorption and emission spectra (Kx = 455 nm) for [Rh-(|)]2-Ir-(|)-Ru 78 
in aerated acetonitrile at room temperature, with overlaid excitation spectrum (A^ m = 640 nm) 
offset for clarity. Emission spectra for building blocks [Rh(pba)2(bpy-ph)]+ 55 and Ir-ijj-Ru 67 
also given for comparison. 
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5.4 Photophysical properties of an octametallic complex 
The photophysical properties of octanuclear complex [[lrF2-(|)]2-Ir-(|)]2-lr-(t)-(|)-Ru 80 have 
been investigated. For this complex, the same building blocks apply as for tetranuclear 
complex [IrF2-(t)]2-Ir-(t)-(t)-Ru 77 (i.e. [Ir(ppy-F2)2(bpy-ph)]+ 54, [lr(ppy)2(bpy-ph)]* 52 and 
IRu(bpy)2(bpy-ph)]- 58). 
Complex [[IrF2-^]2-Ir-(j)]2-Ir-(l)-(l)-Ru 80 
Absorption Maxima / nm 
(E /M-1 cm-i) 
455 (25200) 
368 (148000) 
303 (224000) 
280 (262000) 
252 (260000) 
Emission Maximum(») / n m 630 
Quanhim Yield x 102 
degassed (aerated) 
12 (1.9) 
Lifetime / ns 
degassed (aerated) 
1590 (208) 
Table 26 Photophysical properties of [[Iri'2-(j)]2-Ir-(t)]2-Ir-(|>-«t)-Ru 80 measured in acetonitrile at 
298K. W X e , = 455nm. 
As seen for a number of the multimetaUic complexes previously discussed, the 
absorption spectrum of 80 is of similar shape to the sum of the spectra for the building 
blocks but w i t h increased absorption between 330 - 410 run, and decreased absorption 
between 240 - 300 nm (Figure 117). This is likely to correspond to the increased 
conjugation found in the octameric species in comparison to the bui lding blocks, 
shifting some of the ligand centred transitions to lower energy. 
A single emission band is observed at 630 nm regardless of excitation wavelength, w i th 
a lifetime of 1590 ns and quantum yield of 0.12 i n degassed acetonitrile at room 
temperature. These emission parameters are characteristic of emission f r o m the 
ruthenium bui lding block. Overlaying the excitation spectrum obtained at the 
emission maximum w i t h the absorption spectrum (Figure 118) confirms that rapid 
energy tiansfer is fol lowed by emission f r o m the rutheniiun terminus of the molecule 
for this complex also. This confirms once again that the phenyl bridging units have 
little or no effect on the excited state properties of the overaill multrnuclear complex, 
even when large systems containing eight metal centies are studied. 
121 
o 
1 \ i 
\ 
1 \ / 
\ I 
52 
- • - 54 
58 
80 
Sum (4'54)+(3*52)H-58 
350 400 
Wavelength /nm 
Figure 117 Comparison of absorption spectra of [[Ir''2-(j)]2-Ir-(t)]2-Ir-(|)-<t)-Ru 80 and building 
blocks [Ir(ppy-F2)2(bpy-ph)]^ 54, [Ir(ppy)2(bpy-ph)]* 52 and [Ru(bpy)2(bpy-ph)]2+ 58, 
measured in acetonitrile at 298K. 
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Figure 118 Normalised absorption and emission spectra for [[Ir''2-(|)]2-Ir-(t)]2-Ir-(|)-(|)-Ru 80 in 
aerated acetonitrile at room temperature (\cx = 455 nm), with overlaid excitation spectrum 
(\em = 630 nm) offset for clarity. Emission spectra for building blocks [Ir(ppy-F2)2(bpy-ph)]* 
54, [Ir{ppy)2{bpy-ph)]+ 52 and [Ru(bpy)2(bpy-ph)]2+ 58 also given for comparison. 
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5 . 5 Concluding remarks 
The photophysical properties of a series of multimetallic species have been 
investigated. I n all cases, evidence for rapid energy transfer to the metal centre of 
lowest excited state energy is reported, w i t h emission displaying characteristics of this 
terminal unit. The photophysical properties of the overall mtdtinuclear complexes 
retain the properties displayed by individual monometallic bui lding blocks, implying 
that the phenyl bridging units have little or no effect on the excited state energy of the 
overall system. This confirms that the photophysical properties of multimetallic 
complexes containing simple phenyl bridging imits may be reliably predicted based on 
the properties of the individual building block complexes, al lowing the design of such 
systems for the channelling of energy to a specific location. This idea could f i n d use i n 
systems using similar complexes for light harvesting, such as solar energy conversion. 
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CHAPTER 6 
EXPERIMENTAL 
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6 Experimental 
6.1 Synthetic procedures and characterisation 
The solvents used throughout were of Analar® quality and used as supplied, w i t h the 
exception of acetonitrUe which was HPLC grade. Water was pur i f ied using the 
PuriteTM system having conductivity of ^ 0.04 jiScm-i. Reagents were used as supplied. 
Thin layer chromatography was carried out using neutral a l imi i iuum oxide plates 
(Merck A r t 5550) or silica plates (Merck A r t 5554), both types being fluorescent upon 
irradiation at 254 nm. Preparative column chromatography employed silica (Merck 
Silica Gel 60, 230 - 400 mesh) or neutral alumina (Merck Alumin ium Oxide 90, 
Brockmann activity 2 -3) . 
N M R spectra were recorded using either a Varian Mercury-200 spectrometer at 
199.99 M H z ( iH), 50.29 M H z ("C) and 188.18 M H z (i^F), a Varian Unity-300 
specbrometer at 299.91 M H z (iH), 75.41 M H z ("C) and 188 M H z (i^F), a Bruker-400 
specti'ometer at 399.97 M H z (iH), 50.58 M H z ("C) or a Varian Inova-500 spectrometer 
at 499.87 M H z ( iH), 125.71 M H z ("C) and 376.35 M H z (i^F) and referenced to residual 
protio solvent resonances. N M R data are reported w i t h chemical shifts (5) in ppm and 
coupling constants (J) i n Hertz. i H N M R spectra were assigned w i t h assistance f r o m 
^H- iH COSY (correlation spectroscopy, through-bond interactions) and ^H-^H NOESY 
(nuclear Overhauser effect spectroscopy, through-space interactions) spectra, N M R 
spectra were recorded w i t h proton decoupling and were assigned w i t h assistance f rom 
1H-13C HSQC (heteronuclear single quantim\ correlation) and i^C DEPT (distortionless 
enhancement by polarisation transfer) spectra. Numbering systems are outlined in 
molecular diagrams for each compound. Attention is drawn to the numbering system 
used for complexes contairung 2-phenylpyridine ligands, which begins w i t h (1) at the 
site of cyclometalation, (2) at the position of pyridyl-substitution and continues 
logically around the phenyl ring. 
Electron ionisation mass spectra were recorded by the EPSRC National Mass 
Spectrometry Service at the University of Wales, Swansea. Electrospray ionisation 
mass spectra (ES+ MS) were recorded at the University of Durham using a Micromass 
LCT spectrometer w i t h methanol or acetonitrile as the carrier solvent. High resolution 
mass spectra were recorded either at the University of Durham using a Micromass LCT 
spectrometer at 5000 resolution using sodiiun iodide as the reference or a Thermo 
Finnigan LTQ FT at 100000 resolution w i t h external calibration, or by the EPSRC Mass 
Spectrometry Service at the University of Wales, Swansea. 
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l.R. spectra were recorded on a Perkin-Elmer 1600 FTIR spectrometer operated using 
GRAMS software. C, H & N analysis was performed using an Exeter Analytical Inc 
CE-440 elemental analyser. Single crystal X-ray diffract ion experiments were carried 
out using SMART CCD area detectors and graphite-monochromated MoKa radiation. 
The structures were solved by direct methods and refined against of aU data, using 
SHELXTL software.210 
6.2 Photophysical and electrochemical measurements 
UV-Vis absorption spectra were recorded using a Biotech Instrtunents XS spectrometer 
operating w i t h LabPower software. Samples were contained in quartz cuvettes w i th a 
path length of 1 cm. A l l spectra were run against a reference of pure solvent contained 
wi th in a matched cell. Extinction coefficients were determined by a di lut ion technique 
and graphical application of the Beer-Lambert law. 
Steady-state luminescence spectra were recorded using an Instruments S.A. 
Fluoromax-2 spectrometer, equipped w i t h a Hamamatsu R928 photomultiplier tube, 
operating w i t h DataMax software. Quartz fluorescence cuvettes of path length 1 cm 
were employed and the absorbance of each solution at the excitation wavelength was 
below 0.1 to avoid iimer filter effects. Emission was detected at r ight angles to the 
excitation source w i t h appropriate filters used where required to remove second order 
peaks. A l l emission spectra were corrected after data acquisition for dark count and 
for the spectral response of the detector. Excitation spectra were automatically 
corrected for lamp output through use of a beam splitter, which directs 8% of the 
excitation l ight to a reference photodiode. Low temperature measurements were 
obtained f r o m samples held i n a 1 cm pathlength quartz cuvette i n a l iquid nitrogen 
cooled cryostat (Oxford Instrtunents Optical Cryostat, D N 1704). 
Aerated Ivuninescence quantum yields were recorded using a di lut ion technique wi th 
respect to a standard of ruthenium(II) tris(2,2'-bipyridine) chloride i n aqueous solution 
(Ost = 0.028).2ii The quantum yield to be determined (O) may be calculated w i t h 
respect to the standard by application of the fo l lowing equation: 
St 
dl 
dA 
dl 
dA St 
I St 
where {dl/dA) is the gradient f r o m the plot of integrated emission intensity vs. 
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absorbance, r| is the refractive index of the solvent and symbols w i t h subscript 'st' are 
the respective values for the standard. Only the linear portion of the plot was used to 
determine the gradient. Degassed quantum yields were obtained f r o m the ratio of 
integrated emission intensities f rom degassed and aerated solutions of the same 
sample. Trifluoroacetic acid was used in order to acidify solutions to p H <2, whilst 
tetramethylcimmonium hydroxide was used for basic solutions of p H >10. The effect of 
acid (or base) was deduced by taking the ratio of integrated emission intensities f r o m 
acidified (or basicified) and neutial solutions of the same sample w i t h correction for 
change in absorbance at excitation wavelength where necessary. 
Excited state lifetime measurements were measured using a time-resolved fluorescence 
spectiometer. Samples were excited i n 1 cm pathlength quartz fluorescence cuvettes 
by third harmonic radiation (355 run, ~ l - 2 m j per pulse, pulse length ~7 ns) f r o m a Q-
switched Nd:YAG laser (Spectira Physics GCE-150-10). Sta-ay l ight at 1064 nm 
(fundamental) and 532 nm (second harmoiuc) was removed by the use of optical filters. 
Emission was detected at r ight angles to the excitation source w i t h a photomiiltipler 
tube (Hamaatsu R298) and recorded using a digital storage oscilloscope (Tetronix TDS-
340), before transfer to a PC for analysis. The raw data was deconvoluted to account 
for detector response by reference to a separate sample of l,4-bis(5-phenyloxazol-2-
yl)benzene (POPOP) or rhodamine, and fi t ted to an exponential decay by minimisation 
of the sum of squared residuals. 
Cyclic voltammetry was carried out i n a background electrolyte of 
tetiabutylammonixmi tetrafluoroborate (0.1 M) i n acetonitrile controlled w i t h Autolab 
PGSTAT30 potentiostat (Eco Chemie B.V.). Computer contiol and data storage were 
achieved using GPES Manager. A three electrode assembly was employed using 
platinxmi wire counter and reference electrodes and a plat inum working electiode. 
The electiodes were placed in a cell which was f i l led w i t h 10 m L of the desired solution 
and purged w i t h nitrogen. 
6.3 Density functional calculations 
B3LYP density fimctional theory calculations were performed using the Gaussian98 
software package,2i2 employing the 6-31G basis set for l igand atoms and the L A N L 2 D Z 
basis set for k id i tun . The inner core electrons of i r i d i i m i were replaced wi th a 
relativistic effective core potential (ECP), leaving the outer core [(5s)2(5p)6] electrons 
and the (5d)6 valence elections of i r id ium(l l l ) . The geometiies were fuUy optimised 
jvitibout_symmetiy constiaints. . __ _ _ 
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6.4 Synthesis of ligands 
2-(4-Fluorophenx/l)pyridine [ppyH-F] 1 
A Schlenk tube was charged with 2-bromopyridine (0.29 mL, 3.0 mmol), 
4-fluorophenylboronic acid (462 mg, 3.3 mmol), aqueous K2CO3 (1.24 g, 9.0 mmol), 
water (0.2 mL) and D M E (10 mL). The solution was thoroughly degassed via three 
freeze-pump-thaw cycles and placed xmder nitiogen. P d (PPh3)4 (173 mg, 0.15 mmol) 
was added to the Schlenk tube under a positive pressure of nitiogen. A reflux 
condenser was attached to the Schlenk tube and the apparatus was evacuated and back 
filled with nitiogen. The solution was stirred at 80 - 85°C for 22 hours. After cooling 
to room temperature, D M E was removed xinder reduced pressure and the resulting 
residue was dissolved in D C M and water. The D C M layer was washed with aqueous 
solutions of K O H ( I M , 3 x 100 mL) , dried over Na2S04 and evaporated to yield an oil. 
Purification was achieved via column chromatography (Si02 gel) using gradient 
elution from 100% hexane to 10% diethyl ether and 90% hexane (274 mg, 1.60 mmol, 
53%). i H N M R (500 M H z , CDCI3): 8 8.69 (d, I H , / = 4.4, H^), 8.02 - 7.96 (2 overlapping 
d, 2H, H2'), 7.77 (t, I H , / = 7.8, W ) , 7.70 (d, I H , / = 7.8, H^), 7.27 - 7.23 (m, I H , H^), 7.16 
(t, 2H, J = 8.7, H3'). 13CNMR (500 MHz, CDCI3): 5 164.7 (C), 162.7 (C), 156.5 (C), 149.6 
(CH6), 137.3 (CH4), 129.0 (d, JC-F = 35, CH2'), 122.3 ( O T ) , 120.5 (CH3), 115.9 (d, JC-F =86, 
CH3'). " F N M R (400 M H z , CDCI3): 5 -113.3. ES^ MS: m / z = 174.1 [ M + H+]. HR ES^ 
MS: 174.07135 measured, 174.07135 calculated for [CiiHgNF]^ TLC (SiOz, 60% hexane, 
40% eUier): Rf = 0.64. 
2-(4,6-Difluorophemjl)pyridine [ppyH-F2] 2 
F 
3' 2' 
A Schlenk tube was charged with 2-bromopyridine (0.29 mL, 3.0 mmol), 
2,4-difluorophenylboroTUC acid (525 mg, 3.3 mmol), aqueous K2CO3 (1.24 g, 9.0 mmol), 
water (0.2 mL) and D M E (10 mL). The solution was thoroughly degassed via three 
freeze-ptmnp-thaw cycles and placed under nitiogen. P d (PPh3)4 (173 mg, 0.15 mmol) 
was added to the Schlenk tube under a positive pressure of nitiogen. A-reflux-
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condenser was attached to the Schlenk tube and the apparatus was evacuated and back 
filled with nitrogen. The solution was stirred at 80 - 85°C for 22 hours. After cooling 
to room temperature, D M E was removed tmder reduced pressure and the resulting 
residue was dissolved in D C M and water. The D C M layer was washed with aqueous 
solutions of K O H (1 M, 3 x 100 mL), dried over Na2S04 and evaporated to yield an oil. 
Purification was achieved via column chromatography (Si02 gel) using gradient 
elution from 100% hexane to 2% diethyl ether and 98% hexane (405 mg, 2.12 mmol, 
71%). i H N M R (400 M H z , CDQa): 8 8.71 (d, I H , / = 4.5, H^), 8.00 (td, I H , / = 8.8, 6.7, 
H2'), 7.77 - 7.74 (m, 2H, H3 and H4), 7.26 (ddd, I H , } = 8.7, 4.8, 0.9, Hs), 7.01 (dddt, I H , 
/ = 8.8, 8.0, 2.4, 1.2, H3'), 6.92 (dddd, I H , / = 33.2, 8.8, 2.4, 0.8, Hs'). " C N M R (400MHz, 
CDCI3): 8 164.6 - 159.4 (2 overlapping dd, 2 CF), 152.6 (d, JC-F = 9.2, C^), 149.9 (CH^), 
136.6 (CH4), 132.2 (dd, JC-F = 39,18, CW), 124.3 (d, ]C-F = 36, CH3), 123.8 (d, ]C-F = 47, O'), 
122.6 (CH5), 112.0 (dd, JC-F = 83,15, CH^'), 104.5 (t, JC-F = 104, CH^'). i^ p N M R (400 M H z , 
CDCI3): 8 -109.7, -113.4. ES^ MS: m /z = 192.4 [M+H]^ TLC (SiOz, 60% hexane, 40% 
ether): Rf = 0.61. 
2-(4,5,6-Trifluorophenyl)-pyridine [ppyH-Fa] 3 
3' 2' 
A Schlenk tube was charged with 2-bromopyridine (0.29 mL, 3.0 mmol), 
2,3,4-trifluorophenylboronic acid (581 mg, 3.3 mmol), aqueous K2CO3 (1.24 g, 
9.0 mmol), water (0.2 mL) and D M E (15 mL). The solution was thoroughly degassed 
via three freeze-pump-thaw cycles and placed under lutrogen. Pd(PPh3)4 (173 mg, 
0.15 mmol) was added to the Schlenk tube under a positive pressure of nitrogen. A 
reflux condenser was attached to the Schlenk tube and the apparatus was evacuated 
and back filled with nitrogen. The solution was stirred at 80 - 85°C for 84 hours. After 
cooling to room temperature, DME was removed vmder reduced pressure and the 
resulting residue was dissolved in D C M and water. The D C M layer was washed with 
aqueous K O H (1 M , 3 x 100 mL), dried over Na2S04 and evaporated to yield an oil. 
Purification was achieved via coliuim chromatography (SiOz gel) using gradient 
elution from 100% hexane to 10% dietiiyl ether and 90% hexane (245 mg, 1.17 mmol, 
39%). m N M R (500 M H z , CDCI3): 8 8.72 (d, I H , / = 4.5, ¥{% 7.82 - 7.73 (m, 3H, H2', H3 
and H4), 7.30 (ddd, I H , / = 7.3, 4.9, 3.3, W), 7.09 (dddd, I H , / = 33.3, 9.2, 7.3, 2.3, H3'). 
13C N M R (500 M H z , CDCI3): 8 152.6 - 148.8 (2 dd, 2 C-F), 151.7 (q), 150.0 (CH^), 140.4 
ldfrC-F)7137."0 (CH2', CH3 or CH"), 125.1 (q), 124.5 (2 from CH2', CH3 and=eH4)fl-23rr 
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(CH5), 112.6 (dd, / = 68.5, 15.0, W ) . "F N M R (200 M H z , CDCI3): 8 -133.8 - -133.9 (m, 
F6'), -138.8 - -139.0 (m, Fs'), -160.7 (tdd, / = 20.4, 6.8, 2.5, F"). ES^ MS: m / z = 210.0 
[ M + H]+. HR ES+ MS: m / z = 210.05250 measured, 210.05251 calculated for 
[CiiH7NF3]^ TLC (Si02, 60% hexane, 40% ether): Rf = 0.58. 
2,2'-BiTpyridine-N-oxide^o6 4 
3-Chloroperoxybenzoic acid (13.8 g of 57% w / w , equivalent to 0.046 mol) was 
dissolved in chloroform (180 mL) and added slowly to a solution of 2,2'-bipyridine 
(7.14 g, 0.046 mol) i n chloroform (25 mL) at 0°C. The resulting solution was stirred at 
room temperature for 18 hours, during which time a white precipitate developed. Thin 
layer chromatography revealed the presence of starting material at this point, so more 
3- chloroperoxybenzoic acid (1 g) was added in chloroform (130 mL) and the solution 
stirred for a further 3 hours. The reaction mixture was washed w i t h 5% Na2C03 
solution (3 X150 mL), dried over MgS04 and evaporated to give an oily solid. 
Recrystallisation f rom hexane/ ether yielded a white solid (2.68 g). The aqueous layers 
were re-extracted w i t h chloroform (5 x 100 mL). The chloroform extractior\s were 
combined, dried over MgS04 and evaporated to yield a yeUow oi l and white solid. 
Ether was added and the solution filtered to separate the insoluble tmptuity. Removal 
of ether tmder reduced pressure yielded a white solid (0.85 g). This product was 
combined w i t h that previously collected (3.53 g, 0.021 mol , 45%). i R N M R (400 MHz, 
CDCI3): 6 8.90 (d, I H , 7 = 8.1, H3'), 8.73 (d, I H , / = 4.8, H^'), 8.32 (d, I H , / = 6.6, H^), 8.18 
(dd, I H , / = 8.0, 2.0, H3), 7.82 (td, I H , / = 8.0,1.8, W ) , 7.37 + 7.35 (2 x t, 2H, H*, Hs), 7.26 
(ddd (+ CHCI3), I H , H5'). 
4- Nitro-2,2'-bipyridine-N-oxideios 5 
fi>=N 
.NO2 
d© 
Fuming nitric acid (16 mL) was carefully added to a solution of 2,2'-bipyridine-N-oxide 
4 (3.44 g, 0.02 mol) i n concentrated sulfuric acid (25 mL) to give a clear orange/yellow 
solution. The mixture was heated to 110°C for 4 hours, dur ing which time some white 
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solid was formed. After cooling to 0°C, the solution and solid were slowly added to ice 
giving a pale green solution, which turned blue as the ice melted, and white solid. 
FUtiation to remove the white solid produced a clear yeUow/green solution which, 
when basicified w i t h aqueous NaOH, gave a green solution w i t h a yellow precipitate. 
The yellow solid was allowed to accumulate overnight and then collected via f i l t ia t ion 
(1.88 g, 0.008 mol , 43%). m N M R (200 MHz, CDCI3): 8 9.17 (d, I H , / = 3.4, H3), 8.89 (dt, 
I H , / = 8.1, 0.9, H3'), 8.79 (ddd, I H , / = 4.7, 1.8, 1.0, H^'), 8.36 (d, I H , / = 7.2, H^), 8.07 
(dd, I H , / = 7.2, 3.3, Hs), 7.88 (td, I H , / = 79,1.9, H*'), 7.43 (ddd, I H , / = 7.6, 4.71.2, H^'). 
4-Bromo-2,2'-bipyridine-N-oxide^°^ 6 
Acetyl bromide (13.8 mL, 0.19 mol) was added to a solution of 4-nitio-2,2'-bipyridine-
N-oxide 5 (1.88 g, 8.7 mmol) in glacial acetic acid (23 mL). The solution was heated 
under reflux for 6 hours. Once cooled to room temperature, the resulting solution and 
yellow precipitate were poured onto ice and the p H adjusted to 11 w i t h aqueous KOH. 
The reaction mixture was extiacted into chloroform (3 x 100 mL), and the extiactions 
were combined and dried over K2CO3. Removal of solvent under reduced pressure 
yielded an orange solid (1.84 g), which was fo i ind by N M R to be predominantly 
4-bromo-2,2'-bipyridine-N-oxide, but some de-oxygenated product was also present. 
Data refers to the former product. I H N M R (400 M H z , CDC13): 8 8.94 (d, I H , / = 8.2, 
H6'), 8.73 (broad s, I H , H*), 8.39 (s, I H , H3), 8.14 (dd, I H , J = 6.8, 4.8, H^'), 7.84 (m, I H , 
H4'), 7.37 (m, 2H, H5, H5'). 
4-Bromo-2,2'-bipx/ridine^o« [bpy-Br] 7 
Phosphorous tiibromide (5 mL) was added to a solution of 4-bromo-2,2'-bipyridine-N-
oxide 6 (1.8 g, 7.8 mmol) i n chloroform (38 mL). The resulting yeUow solution was 
heated under reflux for 3 hours, during which time a brown solution w i t h a yellow 
precipitate was formed. After cooling to room temperature, the reaction mixture was 
poured onto ice and basicified to p H 10 using aqueous K O H solution. The resvilting 
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white precipitate was extracted into chloroform (3 x 100 mL) , and the extractions were 
combined and dried over K2CO3. Removal of solvent under reduced pressure yielded 
an off-white solid (1.77 g). Purification was achieved via coltunn chromatography 
(aliunina) using gradient elution f rom 100% hexane to 15% diethyl ether and 85% 
hexane (1.2 g, 5.1 mmol, 65%). i H N M R (400 MHz, CDCI3): 8 8.68 (ddd, I H , / = 4.8, 1.7, 
0.9, H6'), 8.63 (d, I H , / = 1.9, H3), 8.48 (d, I H , / = 5.3, H^), 8.39 (dt, I H , / = 7.9, 0.9, H3'), 
7.83 (td, I H , / = 7.8,1.8, H^'), 7.48 (dd, I H , / = 5.3, 2.0, H^), 7.34 (ddd, I H , / = 7.6, 4.8,1.3, 
H5'). " c N M R (400 M H z , CDCI3): 8 157.6 (q), 154.9 (q), 150.0 (CH), 149.4 (CH), 137.2 
(CH), 134.1 (q), 127.1 (CH), 124.7 (CH), 124.5 (CH), 121.6 (CH). ES^ MS: m / z = 256.8 
[ M + Na]^ TLC (SiOz, 2.5% MeOH, 97.5% DCM): Rf = 0.58. 
4'-Bromo-(3-carboxyl-3-oxoprop-l-enyl)benzene^^ 8 
Sodiiun pyruvate (6.43 g, 0.058 mol) was dissolved in water (50 mL) and added to a 
solution of 4-bromobenzaldehyde (9.76 g, 0.053 mol) i n ethanol (200 mL). Having 
cooled the mixture to 0°C, aqueous K O H (10.2 g i n 100 m L water) was added slowly, 
giving rise to a cloudy yellow solution. The mixture was stirred at room temperature 
for 2 hours before acidifying using aqueous hydrochloric acid. The resulting yellow 
precipitate was collected, washed w i t h cold water and dried under reduced pressure 
(11.5 g, 0.045 mol , 86%). ^H N M R (400 M H z , CDCI3): 8 8.06 (d, I H , / = 16.0, H2), 7.60 (d, 
2H, H3'), 7.57 (d, I H , H^), 7.54 (d, 2H, H^) . " C N M R (400 M H z , CDCI3): 8 182.3 (C=0), 
160.2 (q, phenyl), 150.0 (CH, alkene), 132.8 (CH, phenyl), 130.9 (CH, phenyl), 127.3 (q, 
phenyl), 118.3 (CH, alkene). ES^MS: m / z = 277.2 [ M + N a ] ^ 
l-(2-Oxo-2-pyridin-2-yl-ethyl)-pyridinium iodide^oo 9 
Iodine (20.5 g, 0.08 mol) was dissolved in pyridine (60 mL) and added to a solution of 
2-acetylpyridine (9 mL, 0.08 mol) also i n pyridine (20 mL). The mixture was stirred 
and heated at 100°C for 3 hours affording a black solution w i t h grey crystals. After 
cooling the solution, the crystals were collected via f i l t ia t ion and dissolved in 
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ethanol/water (18%, 1 L). Charcoal was added to this solution w i t h stirring, allowed 
to settle and then removed by fi l tration leaving a clear yellow solution. Once the 
solution had been concentrated tmder reduced pressure, a precipitate of cream 
coloured crystals formed. The crystals were collected and washed w i t h ether before 
drying under reduced pressure (16.0 g, 0.049 mol , 61%). i H N M R (200 MHz, 
d6-DMSO): 8 9.01 (d, 2H, / = 6.0, H^'), 8.88 (d, I H , / = 4.0, H^), 8.73 (t, I H , / = 7.5, W ) , 
8.28 (t, 2H, / = 6.5, H3'), 8.14 (t, I H , ] = 8.0, H^), 8.08 (d, I H , / = 7.5, H3), 7.84 (ddd, I H , 
/ = 7.5, 5.0,1.0, H5), 6.51 (s, 2H, CH2). ES* MS: m / z = 198.1 [ M - I ] ^ IR (KBr disc): 1710 
cm-i (ketone, C = 0 stretch). 
4-(4-Bromophenyl)-2,2'-bipyridine22 [bpy-(|)-Br] 10 
4' 3' 3 
6 > = N N — ^ 
l-(2-Oxo-2-pyridin-2-yl-ethyl)-pyridinium iodide 9 (7.18 g, 0.022 mol), 4-bromo-(3-
carboxyl-3-oxoprop-l-enyl)benzene 8 (5.09 g, 0.020 mol) and ammorutmi acetate 
(13.3 g, 0.17 mol) were dissolved in water (150 mL) and heated at 100°C for 6 hours. 
During this time the solution turned f r o m yellow to cream and a cream coloured 
precipitate formed. After al lowing the solution to cool, the precipitate was collected 
and washed w i t h acetone before drying under reduced pressure (6.13 g). The solid 
was tiansferred to a Schlenk tube, which was evacuated and back f i l led w i t h nitiogen 
three times. Whilst under nitiogen, the solid was heated stiongly unt i l molten, 
whereupon CO2 gas was evolved. After cooling, the resulting solid was checked by ^ H 
N M R and i t was necessary to repeat the thermolysis another two times before complete 
decarboxylation was achieved. Re-crystallisation f r o m ethanol yielded a white solid 
(3.61 g, 0.012 mol , 58%). i H N M R (500 M H z , d^-acetone): 8 8.76 (s, I H , H3), 8.75 (d, I H , 
/ = 5.1, H6), 8.71 (d, I H , 7 = 4.6, H^'), 8.53 (d, I H , ] = 7.9, H3'), 7.95 (td, I H , ] = 7.9, 1.5, 
W ) , 7.84 (d, 2H, 7 = 8.4, H^), 7.76 (d, 2H, ] = 8.4, H A ) , 7.72 (dd, I H , J = 5.0, 1.7, Hs), 7.45 
(ddd, I H , / = 7.6, 4.8, 1.2, H^'). " C N M R (400 M H z , d^-acetone): 5 157.7 (q), 156.7 (q), 
150.9 (CH), 150.1 (CH), 148.5 (q), 138.3 (q), 137.8 (CH), 133.2 (CH), 129.8 (CH), 125.0 
(CH), 124.0 (q), 122.2 (CH), 121.7 (CH), 118.8 (CH). ES- MS: m / z = 311 [ M + H ] - . TLC 
(SiOj, 2.5% MeOH, 97.5% DCM): Rf = 0.55. 
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4-(4-Pyridyl)-2,2'-bipyridine [bpy-py] 11 
A Schlenk tube was charged w i t h 4-bromo-2,2'-bipyridine 7 (461 mg, 1.96 mmol), 
pyridine-4-boronic acid (269 mg, 2.19 mmol), aqueous NazCOs (632 mg in < 1 m L H2O, 
5.96 mmol) and D M E (10 mL). The solution was thoroughly degassed via three freeze-
pump-thaw cycles and placed imder nitrogen. Pd(PPh3)4 (150 mg, 0.13 mmol) was 
added to the Schlenk tube under a positive pressure of nitrogen. A reflux condenser 
was attached to the Schlenk tube and the apparatus was evacuated and back f i l led w i th 
rutrogen. The solution was stirred at 80 - 85°C for 24 hours. After this time, thin layer 
chromatography (alumina, hexane/diethyl ether, 50:50) revealed the presence of 
starting material, so additional boronic acid (30 mg) and catalyst (20 mg) were added. 
The reaction was heated for a further 48 hours. After cooling to room temperature, 
DME was removed under reduced pressure and the resulting residue was dissolved in 
D C M and water. The D C M layer was washed w i t h aqueous solutions of K O H (1 M , 
3 X100 mL), dried over K2CO3 and evaporated to yield a brown oil (210 mg). 
Purification was achieved via flash column chromatography (alumina, 100% DCM) to 
yield a white solid (180 mg, 0.77 mmol, 39%). ^H N M R (500 M H z , CDCI3): 8 8.75 (d, 
I H , / = 5.3, H6), 8.72 (dd, 2H, / = 4.5, 3.7, HA), 8.68 (m, 2H, H3 + H^'), 8.43 (d, I H , / = 7.9, 
H3'), 7.82 (td, I H , / = 7.8,1.8, W ) , 7.62 (dd, 2H, / = 4.5, 3.7, H"), 7.51 (dd, I H , / = 5.3,1.8, 
H5), 7.32 (ddd, I H , / = 7.5, 4.7, 3.3, Hs'). " C N M R and i H - i 3 C H E T C O R (500 MHz, 
CDCI3): 8 157.2 (C), 155.6 (C), 150.7 ( C H A ) , 150.1 ( C H ^ ) , 149.3 ( C H ^ ' ) , 146.5 (C), 145.8 (C), 
137.1 (CH4'), 124.2 (CHS'), 121.6 (CH*), 121.4 (CHs, CH3'), 118.9 (CH3). ES+MS: 
m / z = 234 [ M + H]+, 256 [ M + Na]+, 297 [ M + Cu]^ Data agrees w i t h literature data.213 
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4-(4-(4-Pyridyl)phenyl)-2,2'-bipyridine [hpy-^-py] 12 
A Schlenk tube was charged w i t h 4-(4-bromophenyl)-2,2'-bipyridine 10 (623 mg, 
2.00 mmol), pyridine-4-boronic acid (297 mg, 2.41 mmol) , aqueous NaaCOa (645 mg in 
2 m L H2O, 6.09 mmol) and D M E (10 mL), The solution was thoroughly degassed via 
three freeze-pump-thaw cycles and placed imder nitrogen. Pd(PPh3)4 (156 mg, 
0.14 mmol) was added under a positive pressure of nitrogen. A reflux condenser was 
attached and the apparatus was evacuated and back fUled w i t h nitrogen. The solution 
was stirred at room temperature for 30 minutes before heating under reflux for 
45 hours. After this time, thin layer chromatography (Si02, hexane/diethyl ether, 
50:50) revealed the presence of starting material, so additional boronic acid (50 mg) and 
catalyst (50 mg) were added, and the reaction was heated for a further 7 hours. After 
cooling to room temperature, D M E was removed under reduced pressure and the 
resulting residue dissolved in D C M and water. The D C M layer was washed w i t h 
aqueous solutions of K O H (1 M , 3 x 100 mL), dried over K2CO3 and evaporated to yield 
a cream/brown solid (0.52 g). Purification was achieved via column chromatography 
(silica gel) using gradient elution f r o m 100% D C M to 2.5% methanol and 97.5% D C M 
(167 mg, 0.54 mmol , 27%). i H N M R (400 MHz, CDCI3): 5 8.75 (dd, I H , / = 4.8, 0.8, H*), 
8.73 - 8.70 (2 overlapping d, 2H, H3 , H*'), 8.69 (dd, I H , / = 4.4, 1.6, H^'), 8.46 (dt, I H , 
J = 8.0, 1.0, H3' ) , 7.89 (d, 2H, / = 4.8, H B ) , 7.85 (td, I H , / = 7.2, 1.6, H"') , 7.76 (d, 2H, 
/ = 8.8, H A ) , 7.57 (dd, I H , / = 5.2, 2.0, Hs), 7.55 (dd, 2H, / = 4.6, 1.8, H B ' ) , 7.34 (ddd, I H , 
; = 7.6, 4.8, 1.2, H5'). 13C N M R and m - " C H E T C O R (400 M H z , CDCI3): 8 157.0 (C or 
C H 6 ) , 156.1 (C or C H ^ ) , 150.5 ( C H A ' ) , 149.9 (C), 149.3 ( C H 3 or C H ^ ' ) , 148.5 (C), 147.6 (C), 
139.1 (C), 138.9 (C), 137.2 ( C H * ' ) , 128.1 ( C H ^ ) , 127.8 ( C H A ) , 124.1 (CHs'), 121.7,121.6 and 
121.5 ( C H 3 ' , C H S , C H B ) , 119.0 ( C H 3 or C H ^ ' ) . ES^ MS: m / z = 310.1 [ M + H ] ^ 332.1 
[ M + N a ] ^ 641.2 [2M + N a ] ^ H R ES+ MS: m / z = 310.13389 measured, 310.13387 
calculated for [CaiHieNs]^ T L C (Si02, 10% MeOH, 90% D C M ) : Rf = 0.58. A crystal 
structure was obtained, f u l l details of which are given i n appendix 1. 
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2,2'-Bipyridine-4-(4-phenyl)horonic acid [bpy-(t)-B(OH)2] 13 / 4-(4-Neopentylglycolatoboron-
phenyl)-2,2'-bipyridine (using conditions reported by Miyaura^*") [bpy-cjj-Bneo] 14 
B — O H 
A Schlenk tube was charged with 4-(4-bromophenyl)-2,2'-bipyridine 10 (300 mg, 
0.96 mmol), bis(neopentylglycolato)diboron (229 mg, 1.01 mmol), potassium acetate 
(284 mg, 2.89 mmol) and DMSO (11 mL). The solution was thoroughly degassed via 
three freeze-pump-thaw cycles and placed vmder nitrogen. Pd(dppf)Cl2 (30 mg, 
0.04 mmol) was added to the Schlenk tube under a positive pressure of nitrogen. The 
solution was stirred and heated to 80 - 85°C for 6 hours. The solution was diluted with 
D C M (30 mL) and washed with copious amounts of water (5 x 100 mL) before drying 
over Na2S04. Evaporation of solvent under reduced pressure yielded a crude product. 
The product was dissolved in ethanol with heating and an insoluble white solid was 
removed via filtiation. This gave the desired substituted bipyridine contaminated with 
some triphenylphosphine oxide and bis(neopentylglycolato)diboron. Some 
purification was achieved by dissolving the crude product in ethanol at reflux and hot 
filtiation to remove an insoluble white soUd. This was foxmd to signiticantiy decrease 
the amoimt of B2neo2 present in the sample. At this point, N M R integrals were used to 
estimate the ratio of species present and the product was used without any further 
purification (estimated yield 60%). [bpy-(|)-Bneo] i H N M R (400 M H z , CDCI3): 6 8.75 -
8.67 (m, 3H, H3, and H^'), 8.44 (d, I H , / = 7.9, H^'), 7.93 (d, 2H, / = 7.7, R A ) , 7.83 (td, 
I H , / = 7.7, 2.7, H"'), 7.76 (d, 2H, / = 77, H B ) , 7.57 (dd, I H , / = 5.2, 16, Hs), 7.32 (dd, I H , 
/ = 7,4, 4.8, H5'), 3.80 (s, 4H, CH2), 1.04 (s, 6H, CH3). [bpy-(|)-B(OH)2] N M R (400 MHz, 
d6-DMSO ): 5 8.76 (d, I H , / = 5.2, H*), 8.74 (d, I H , / = 4.7, H^'), 8.69 (d, I H , / = 2.5, H3), 
8.44 (d, I H , J =8.0, H3'), 8.20 (s, 2H, OH), 8.01 - 7.95 (m, 3H, H4' and H A ) , 7.84 (d, 2H, 
/ = 8.2, H B ) , 7.81 (dd, I H , / = 5.2, 2.0, Hs), 7.49 (ddd, I H , / = 7.5, 4.8, 1.0, Hs). ES* MS: 
m/z = 277.2 [bpy-it)-B(OH)2 + H ] ^ 291.1 [bpy-(t)-B(OH)(OMe) + H]*, 305.3 
[[bpy-(l)-B(OMe)2 + H ] ^ 345.4 [bpy-fBneo + H ] ^ HR ES^ MS: m/z = 305.14538 
measured, 305.14558 calculated for [Ci8Hi302N2"B]+. 
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6.5 Synthesis of dichloro-bridged metal dimers 
Tetrakis(2-phenylpyridine-C,N)bis(/j-chloro)diiridiuni^^ [Ir(ppy)2Cl]2l5 
I r id ium trichloride hydrate (478 mg, 1.51 mmol) and 2-phenylpyridine (0.46 mL, 
497 mg, 3.2 mmol) were heated under reflux in 2-ethoxyethanol (30 mL) and water 
(10 mL) for 84 hours. The restilting yellow precipitate was collected using a centrifuge, 
washed w i t h ethanol and dried tmder reduced pressure (500 mg, 0.47 mmol, 62%). 
i H N M R (500 M H z , CDCI3): 5 9.24 (d, 4H, J = 5.7, W), 7.87 (d, 4H , / = 8.3, H3), 7.73 (td, 
4H, / = 7.6, 1.4, H4), 7.48 (d, 4H, / = 7.6, W), 6.77 (td, 4H, / = 5.7, 1.4, Hs), 6.74 (td, 4H, 
/ = 7.3, 0.8, H4'), 6.56 (td, 4H, / = 7.4, 1.3, Hs'), 5.93 (d, 4H, / = 7.7, H^'). " C N M R 
(500 M H z , CDCI3): 5 168.7, 151.8, 145.5, 143.8, 136.3 (CH*), 130.7 (CH^'), 129.2 (CHs'), 
123.8 (CH3'), 122.3 ( O T ) , 121.5 (CH4'), 118.5 (CH3). ES^ MS: m / z = 501 [C22Hl6IrN2]^ 
Tetrakis(4-(2-pyridyl)benzaldehyde-C,N)bis(M-chloro)diiridiums* [Ir(pba)2Cl]216 
OHC 
OHC 
I r id ium trichloride trihydrate (532 mg, 1.51 mmol) and 4-(2-pyridyl)benzaldehyde 
(566 mg, 3.09 mmol) were heated under reflux i n water (10 mL) and 2-ethoxyethanol 
(30 mL) for 24 hours. The resulting orange precipitate was collected using a centrifuge, 
washed w i t h ethanol (2 x 30 mL) and acetone (1 x 15 mL) and dried tmder reduced 
.pressure (728 mg, 0.62 mmol, 82%). ^H N M R (500 MHz, CDCI3): 5 9.52 (s, 4H, CHO), 
9.26 (d, 4H, / = 5.4, H6), 8.05 (d, 4H, / = 7.9, H3), 7.94 (t, 4H, / = 7.7, H"), 7.67 (d, 4H, 
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/ = 8.0, H3'), 7.30 (d, 4H, / = 7.9, H4'), 6.98 (t, 4H, / = 6.1, H^), 6.36 (s, 4H, H^'). ES+MS: 
m / z = 557 [C24Hi6lrN202]^ 589 [C24Hi6lrN2Na02]^ 
Tetrakis(2-(3,5-difluorophenyl)pyndine-C,N)bis(^-chloro)dimdium^^^ [Ir(ppy-F2)Cl]217 
I r id ium trichloride hydrate (317 mg, l .Ommol) and 2-(4,6-difluorophenyl)pyridine 2 
(405 mg, 2.1 mmol) were heated under reflux i n 2-ethoxyethanol (20 mL) and water 
(7mL) for 72 hours. The resulting bright yellow precipitate was collected using a 
centrifuge, washed w i t h ethanol and dried under reduced pressure (453 mg, 
0.37 mmol, 75%). N M R (400 MHz, CDCI3): 8 9.12 (d, 4H, / = 5.8, H% 8.31 (d, 4H, 
/ = 8.8, H3), 7.83 (t, 4H, / = 7.9, H*), 6.83 (t, 4H, / = 6.7, Hs), 6.34 (ddd, 4H, / = 22.5, 9.0, 
2.2, H4'), 5.29 (dd, 4H, / = 9.1, 2.4, W). N M R (400 M H z , CDCI3): 5 -108.1 - -108.2 (m), 
-110.7 (t, / = 22.0). ES^ MS; m / z = 604.7 [C22Hi2F4lrN2 + CH3OHY, 636.6 
[C22Hi2F4lrN2 + 2CH30H]^ EI MS: m / z = 1216.1 [C44H24Cl2F8lr2N4] (run as soUd 
sample). C, H & N analysis: 42.96% C, 1.96% H and 4.41% N measured, 42.82% C, 
2.12% H and 4.54% N calculated for [C44H24Cl2F8lr2N4]. H2O. 
Tetrakis(2-phenylpyridine-C,N)bis(/j-chloro)dirhodium (based on 15^^) [Rh(ppy)2Cl]218 
Rhodium trichloride trihydrate (263mg, l .Ommol) and 2-phenylpyridrne (0.31 mL, 
2^ 2 mmol) were heated under reflux in 2-ethoxyethanol (21 mL) and water (7 mL) for 
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18 hours. The resulting precipitate was collected using a centrifuge, washed wi th 
ethanol and dried under reduced pressure (392 mg, 0.44 mmol, 88%). ^H NMR 
(500 MHz, CDCls): 5 9.22 (d, 4H, / = 5.5, H^), 7.86 (d, 4H , / = 7.8, H3), 7.81 (td, 4H, 
/ = 7.3, 1.4, H4), 7.54 (d, 4H, / = 8.1, H^), 6.82 (t, 4H, / = 7.5, H"'), 6.78 (td, 4H, / = 6.4, 2.3, 
H5), 6.64 (td, 4H, / = 7.6, 2.2, W), 5.94 (d, 4H, / = 7.9, H^'). ES+ MS: m / z = 411.0 
[C22Hi6N2Rh]^ 857.1 [C44H32ClN4Rh2]^ 
Tetrakis(4-(2-pyridyl)benzaldehi/de-C,N)bis(/u-chloro)dirhodium^^ [Rh(pba)2Cl]219 
O H C 
OHC, 
Rhodium trichloride trihydrate (157 mg, 0.6 mmol) and 4-(2-pyridyl)benzaldehyde 
(436 mg, 2.38 mmol) were heated under reflux i n ethanol (15 mL) and water (5 mL) for 
24 hours under an atmosphere of nitrogen and i n the dark. The resulting yellow-
orange precipitate was collected using a centrifuge, washed w i t h ethanol and dried 
imder reduced pressure. I t was fo imd that further purification could be achieved via 
fi l trat ion through celite i n D C M yielding a yellow solid (259 mg, 0.22 mmol, 74%). i H 
N M R (500 M H z , CDCI3): 8 9.52 (s, 4H, CHO), 9.24 (d, 4H, / = 5.3, H^), 8.07 - 7.98 (m, 
8H, H3 and H"), 7.74 (d, 4H, / = 79, H3'), 7.39 (d, 4H , / = 7.9, H*'), 6.98 (t, 4H, / = 6.2, H^), 
6.38 (s, 4H, H6'). ES^ MS: m / z = 467.0[C24Hi6N2O2Rh]% 499.0 
[C24Hi6N202Rh + CHsOH]^ 
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Tetrakis(2-(5-fluorophenyl)pyridine-C,N)bis(/u-chloro)diiridium (based on 15^9) 
[lr(ppy-F)2Cl]2 20 
I r id ium trichloride hydrate (108 mg, 0.34 mmol) and 2-(4-fIuorophenyl)pyridine 1 
(130 mg, 0.75 mmol) were heated imder reflux in 2-ethoxyethanol (7 mL) and water 
(2.3 mL) for 48 hours. The restdting precipitate was collected using a centrifuge, 
washed w i t h ethanol and dried imder reduced pressure (120 mg, 0.11 mmol, 62%). ^H 
N M R (500 M H z , CDCI3): 8 9.13 (d, 4H, / = 5.6, H*), 7.83 (d, 4H, J = 7.8, H3), 7.77 (t, 4H, 
/ = 7.5, H4), 7.50 (dd, 4H, / = 8.5, 5.8, H3'), 6.80 (t, 4H, / = 6.4, Hs), 6.52 (td, 4H, ] = 8.6, 2.2, 
H4'), 5.53 (dd, 4H, / = 9.9, 2.2, H^'). N M R and iH-i3C HSQC (500 M H z , CDQa): 
5 167.6 (CH6), 163.8 (C), 161.8 (C), 151.5 (C), 147.5 (d, J = 24.5, C), 140.1 (C), 136.9 (CH"), 
125.5 (d, Jc-F = 38.5, CH3'), 122.3 ( O T ) , 118.7 ( O T ) , 116.8 (d, JC-F = 72.5, CHS'), 109.0 (d, 
]c-F = 93, CH4'). 19F N M R (400 MHz, CDCI3): 8 -112.2. ES+ MS: m / z = 537.1 
[C22Hi4F2lrN2]+. EI MS: m / z = 1144.1 [C44H28Cl2F4lr2N4] (nm as solid sample). 
C, H & N analysis: 45.35% C, 2.46% H and 4.66% N measured, 45.48% C, 2.60% H and 
4.82% N calculated for [C44H28Cl2F4lr2N4]. H2O. 
Tetrakis(2-(5-fluorophenyl)pyridine-C,N)bis(fj-chloro)dirhodium (based on 15^^) 
[Rh(ppy-F)2Cl]2 21 
-Rhodium trichloride trihydrate (79 mg, 0.3 mmol) and 2-(4-fluorophenyl)pyridine 1 
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(114 mg, 0.66 mmol) were heated xmder reflux in 2-ethoxyethanol (7 mL) and water 
(2.3 mL) for 65 hours. The resulting precipitate was collected using a centrifuge, 
washed with ethanol and dried under reduced pressure (122 mg, 0.13 mmol, 84%). ^H 
NMR (500 MHz, CDCI3): 5 9.11 (d, 4H, / = 5.6, H^), 7.89 - 7.77 (m, 8H, H3 and H"), 7.55 
(dd, 4H, 7 = 8.5, 5.7, H3'), 6.80 (t, 4H, / = 6.5, Hs), 6.57 (td, 4H, J = 8.6, 2.3, H"'), 5.57 (d, 
4H, / = 9.7, H6'). " F NMR (400 MHz, CDCI3): 5 -110.5 (m). ES+ MS: m / z = 447.0 
[C22Hi4F2N2Rh]^ 479.0 [C22Hi4F2N2Rh + CHgOH]^ HR EI MS: m / z = 963.9735 
measured, 963.9732 calculated for [C44H28Cl2F4Rh2N4] (run as solid sample). 
Tetrakis(2-(3,5-difluorophenyl)pyridine-C,N)bis(/j-chloro)dirhodiurn (based on 15^^) 
[Rh(ppy-F2)2Cl]2 22 
Rhodiimi trichloride trihydrate (121 mg, 0.46 mmol) and 2-(4,6-difluorophenyl)-
pyridine 2 (193 mg, 1.01 mmol) were heated imder reflux in water (3.5 mL) and 
2-ethoxyethanol (10.5 mL) for 18 hours. The resulting precipitate was collected using a 
centrifuge, washed with ethanol (2 x 30 mL) and acetone (1 x 15 mL) and dried under 
reduced pressure (210 mg, 0.20 mmol, 88%). i H NMR (500 MHz, CDCI3): 8 9.11 (d, 4H, 
/ = 5.6, H6), 8.27 (d, 4H, / = 8.3, H3), 7.90 (t, 4H, / = 7.7, H*), 6.83 (t, 4H, / = 6.6, Hs), 6.37 
(ddd, 4H, / = 12.3, 8.9, 2.2, H*'), 5.33 (d, 4H, / = 9.0, H^'). " F NMR (200 MHz, CDCI3): 
8-107.9 - -108.1 (m), 110.2 (t, / = 11.6). ES^MS: m / z = 482.9 [C22Hi2F4N2Rh]\ 515.0 
[C22Hi2F4N2Rh + CH30H]% 547.0 [C22Hi2F4N2Rh + 2CH30H]^ HR E l MS: 
m/z = 1035.9360 measured, 1035.9355 calctdated for [C44H24Cl2F8Rh2N4] (run as sohd 
sample). 
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Tetrakis(2-(3,4,5-trifluorophenyl)pyridine-C,N)bis(ju-chloro)diiridium (based on 15^9) 
[lr(ppy-F3)Cl]2 23 
I r id ium tiichloride hydrate (127 mg, 0.40 mmol) and 2-(4,5,6-tiifluorophenyl)pyridine 3 
(184 mg, 0.88 mmol) were heated under reflux i n 2-ethoxyethanol (8 mL) and water 
(2.7 mL) for 48 hours. The resulting precipitate was collected using a centiifuge, 
washed w i t h water (2 x 10 mL) and ethanol (2 x 10 mL) and dried under reduced 
pressure (197 mg, 0.15 mmol , 76%). i H N M R (500 M H z , CDCI3): 8 9.10 (d, 4H, / = 5.8, 
H6), 8.32 (d, 4H, / = 8.3, H3), 7.89 (td, 4H, / = 7.8,1.4, H"), 6.88 (ddd, 4H, / = 7.4, 5.9, 2.4, 
H5), 5.27 (t, 4H, / = 8.4, H^'). i3C NMR: (500 M H z , CDCI3): 8 165.2 (q), 151.5 ( O T ) , 146.0 
- 150.0 (m, 2 C-F), 138.1 (CH*), 136.9 (q), 134.9 (m, C-F), 128.2 (q), 123.4 (CH^), 123.1 (d, 
Jc-F = 29.6, CH3), 112.7 (d, JC-F = 24.7, W ) . N M R (400 M H z , CDCI3): 8 -131.8 (m, 
F3'), -136.9 (dd, / = 29.0, 20.0, F*'), -169.2 (td, / = 29.9, 6.8, ps). ES^ MS: m / z = 609.2 
[C22HioF6lrN2]^ EI MS: m / z = 1288.1 [C44H2oCl2Fi2lr2N4] (run as sohd sample). 
C, H & N analysis: 40.47% C, 2.09% H and 3.89% N measured, 40.47% C, 1.70% H and 
4.29% N calculated for [C44H2oCl2Fi2lr2N4]. H2O. 
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6.6 Synthesis of monometallic complexes 
6.6.1 Synthesis of monometallic complexes via the reaction of dichloro-
bridged dimers with 2,2'-bipyridine ligands^^ 
(2,2'-BipyridirK)bis(2-phenylpyridine)iridium(ni)hexafluorophosphate^ 
[Ir(ppy)2(bpy)][PF6]24 
2,2'-Bipyridine (54 mg, 0.35 mmol) was dissolved i n D C M (8mL) and added to a 
suspension of [lr(ppy)2a]215 (163 mg, 0.15 mmol) i n methanol (lOmL). The solution 
was stirred at reflux for 90 minutes. Once cooled to room temperature, aU solvent was 
removed imder vacuum and the residue redissolved in acetonitrile and water. 
Filtration of this solution into saturated aqueous KPFe gave a yellow/orange 
precipitate which was collected using a centrifuge and dried under vacuum (227 mg, 
0.28 mmol , 93%). i H N M R (500 M H z , d^-acetone): 8 8.85 (d, 2H, / = 8.2, bpy-H3), 8.30 
(td, 2H, / = 8.1, 1.5, bpy-H4), 8.24 (d, 2H, / = 8.1, ppy-H3), 8.11 (d, 2H, / = 5.4, bpy-H^), 
7.96 (td, 2H, / = 7.8, 1.5, ppy-H^), 7.90 (d, 2H, / = 7.9, ppy-H3'), 7.83 (d, 2H, / = 5.9, 
ppy-H6), 7.71 (td, 2H, / = 6.5, 2.2, bpy-Hs), 7.16 (td, 2H, / = 6.6, 2.3, ppy-H^), 7.04 (td, 2H, 
/ = 76, 2.2, ppy-H4'), 6.92 (td, 2H, / = 75, 2.3, ppy-Hs), 6.35 (d, 2H, / = 7.6, ppy-H^'). ES-
MS: m / z = 657.1 [ M - PFe]^ C, H & N analysis: 47.59% C, 3.39% H and 6.26% N 
measured, 47.35% C, 3.56% H and 6.59% N calculated for [C32H24F6lrN4P]. 1.5 CH3OH. 
TLC (AI2O3, 5% methanol, 95% DCM): Rf = 0.52. 
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(2,2'-Bipyridine)bis(2-phenylpyridine)rhodium(III)kexafluorophosphate^ 
[Rh(ppy)2(bpy)][PF6]25 
2,2'-Bipyridine (26 mg, 0.17 mmol) was dissolved i n D C M (4 mL) and added to a 
suspension of [Rh(ppy)2Cl]2 18 (67 mg, 0.075 mmol) i n methanol (5 mL). The solution 
was stirred at reflux for 90 minutes. Once cooled to room temperature, all solvent was 
removed under vacuum and the residue re-dissolved i n acetorutrile and water. 
Filtration of this solution into saturated aqueous KPFe gave a pale yellow precipitate 
which was collected using a centrifuge and dried under vacuum (109 mg, 0.14 mmol, 
93%). i H N M R (400 M H z , d^-acetone): 8 8.81 (d, 2H, / = 8.3, bpy-H3), 8.30 (td, 2H, 
/ = 7.9, 1.7, bpy-H4), 8.26 (d, 2H, / = 8.1, ppy-H3), 8.12 (d, 2H, / = 5.2, bpy-H^), 8.03 (td, 
2H, / = 7.8,1.6, ppy-H4), 7.95 (dd, 2H, / = 7.8,1.3, ppy-H3'), 7.80 (d, 2H, / = 5.7, ppy-H^), 
7.69 (ddd, 2H, / = 7.6, 5.3, 1.0, bpy-Hs), 7.21 (ddd, 2H, / = 7.5, 5.7, 1.3, ppy-H^), 7.10 (td, 
2H, / = 7.5, 1.1, ppy-H4'), 6.99 (td, 2H, / = 75,1.3, ppy-Hs ), 6.37 (d, 2H, / = 7.6, ppy-H^). 
" C N M R (500 M H z , d^-acetone): 8 168.5 (C), 168.2 (C), 165.8 (C), 155.6 (C), 151.0 
(bpy-CH6), 144.9 (C), 140.8 (bpy-OT) , 139.7 (ppy-CH4), 133.5 (ppy-CH^'), 131.0 
(ppy-CH5'), 128.8 (bpy-OT) , 125.6 ( p p y - O T ), 125.1 (bpy-CH3), 124.5 (ppy-OT) , 124.3 
(ppy-CH4'), 121.0 (ppy-CH3). ES^ MS: m / z = 567.1 [ M - PFfi]^ HR ES* MS: 
m / z = 567.10474 measured, 567.10505 calculated [C32H24N4io3Rh]+. C, H & N analysis: 
52.82% C, 3.37% H and 7.70% N measured, 52.62% C, 3.59% H and 7.67% N calculated 
for [C32H24F6N4PRh]. HzO. TLC (SiOi, 15% methanol, 85% DCM): Rf = 0.65. 
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(2,2'-Bipyridine)bis(4-(2-pyridyl)benzaldehyde)rhodiuni(III)hexafluorophosphate9s 
[Rh(pba)2(bpy)][PF6] 26 
OHC 
OHC 
2,2'-Bipyridine (10 mg, 0.066 mmol) was dissolved in D C M (1.6 mL) and added to a 
suspension of [Rh(pba)2Cl]2 19 (30 mg, 0.03 mmol) in methanol (2.0 mL). The solution 
was stirred at reflux for 90 minutes. Once cooled to room temperature, all solvent was 
removed under vacuum and the residue redissolved in acetorutiile and water. 
Filtiation of this solution into saturated aqueous KPFe gave a precipitate which was 
collected using a centrifuge and dried tmder vacuum (42 mg, 0.094 mmol, 92%). i H 
NMR (400 MHz, d^-acetone): 8 9.76 (s, 2H, CHO), 8.84 (d, 2H, / = 8.2, bpy-H3), 8.46 (d, 
2H, / = 7.9, ppy-H3), 8.34 (td, 2H, / = 8.1, 1.6, bpy-H^), 8.24 - 8.15 (m, 6H, ppy-H*, 
ppy-H6 and bpy-H6), 7.94 (d, 2H, / = 5.8, ppy-H3'), 7.70 (ddd, 2H, / = 7.6, 5.2, 2.2, 
bpy-H5), 7.66 (dd, 2H, / = 8.2, 1.7, ppy-H*'), 7.37 (ddd, / = 7.7, 5.7, 2.3, ppy-Hs), 6.89 (s, 
2H, ppy-H6'). ES^ MS: m / z = 622.8 [M - FYe]*. C, H & N analysis: 52.16% C, 3.24% H 
and 7.01% N measured, 51.92% C, 3.33% H and 7.12% N calculated for 
[C34H24F6N402PRh]. H2O. T L C (Si02,15% methanol, 85% DCM): Rf = 0.57. 
(2,2'-Bipyridine)bis(2-(5-fluoro)phenylpyridine)iridium(III)hexafluorophosphate 
[lr(ppy-F)2(bpy)][PF6] 27 
2,2'-Bipyridine (17 mg, 0.11 mmol) was dissolved in D C M (2.7 mL) and added to a 
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suspension of [Ir(ppy-F)2Cl]2 20 (57 mg, 0.05 mmol) i n methanol (3.3 mL). The solution 
was heated under reflux for 90 minutes. After cooling to room temperature all solvent 
was removed imder reduced pressure and the residue was re-dissolved in the 
min imum voltmie of acetonitrile and water. Filtration of this solution into saturated 
aqueous KPFe gave a yeUow precipitate which was collected using a centrifuge and 
dried under reduced pressure (77 mg, 0.092 mmol , 92%). i H N M R (400 MHz, 
d6-acetone): 5 8.87 (d, 2H, / = 8.0, bpy-H3), 8.33 (td, 2H, / = 7.9, 1.6, bpy-H4), 8.24 (d, 2H, 
/ = 8.3, ppy-H3), 8.17 (ddd, 2H, / = 5.5,1.5, 0.8, bpy-H^), 8.03 - 7.96 (m, 4H, ppy-H3' and 
ppy-H4), 7.83 (ddd, 2H, / = 5.8, 1.5, 0.8, ppy-H^), 7.74 (ddd, 2H, / = 7.7, 5.6,1.3, bpy-Hs), 
7.19 (ddd, 2H, / = 7.5, 5.8, 1.4, ppy-Hs), 6.84 (td, 2H, / = 8.8, 2.5, ppy-H4'), 5.95 (dd, 2H, 
/= 9.4, 2.5, ppy-H6'). "F N M R (400 MHz, d^-acetone): 8 -73.0 (d, JF-P = 706, PFs), 
-111.1--111.2 (m, ppy-F). ES* MS: m / z = 693.0 [ M - PFe]^ HR ES+ MS: 
m / z = 693.14063 measured, 693.14365 calculated for [C32H22N4F2i93Ir]^ C , H & N 
analysis: 45.60% C, 2.75% H and 6.40% N measured, 45.39% C, 2.74% H and 6.62% N 
calculated for [C32H22F8lrN4P]. 0.5 H2O. TLC (Si02, 15% metiianol, 85% DCM): 
Rf = 0.55. 
(2,2'-Bipyridine)bis(2-(5-fluoro)phenylpyridine)rhodium(III)}wxafluoroph^ 
[Rh(ppy-F)2(bpy)][PF6]28 
2,2'-Bipyridine (17 mg, 0.11 mmol) was dissolved in D C M (2.7 mL) and added to a 
suspension of [Rh(ppy-F)2Cl]2 21 (48 mg, 0.05 mmol) i n metiianol (3.3 mL). The 
solution was stirred at reflux for 90 minutes. Once cooled to room temperature, all 
solvent was removed under vacumn and the residue redissolved in acetonitrile and 
water. Filtration of this solution into saturated aqueous KPFe gave a precipitate which 
was collected using a centrifuge and dried under vacuum (69 mg, 0.092 mmol, 93%). 
m N M R (400 M H z , d^-acetone): 8 8.84 (d, 2H, / = 8.2, bpy-H3), 8.34 (td, 2H, / = 8.0, 1.7, 
bpy-H4), 8.26 (d, 2H, / = 8.2, ppy-H3), 8.19 (d, 2H, / = 5.3, bpy-H^), 8.10 - 8.03 (m, 4H, 
_EEXiH''. and ppy-H4), 7.80 (d, 2H, / = 5.8, ppy-H^), 7.73 (ddd, 2H, / = 7.6^ 53,12, 
bpy-H5), 7.24 (ddd, 2H, / = 7.5, 5.8, 1.3, ppy-Hs), 6.89 (td, 2H, } = 8.9, 2.6, ppy-H"'), 6.00 
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(ddd, 2H, / = 9.2, 2.5, 2.2, ppy-Hs). i^F N M R (400 M H z , d^-acetone): 8 - 73.9 (d, 6F, 
}F-P = 756, PFe), -110.7 - -110.8 (m, 2F, ppy-F). ES^MS: m / z = 603.1 [ M - PFe]^ HR ES+ 
MS: m / z = 603.08578 measured, 603.08621 calculated for [C32H22N4F2io3Rh]+. C, H & N 
analysis: 50.91% C, 2.94% H and 7.42% N measured, 50.74% C, 3.33% H and 7.12% N 
calculated for [C32H24F6N402Rh]. 0.5 H2O. TLC (Si02, 15% meflianol, 85% DCM): 
Rf = 0.62. 
(2,2'-Bipyridim)bis(2-(3,5-difluorophenyl)pyridine)iridium(ni)hexafluorophos 
[Ir(ppy-F2)2(bpy)][PF6] 29 
2,2'-Bipyridine (12 mg, 0.077 mmol) was dissolved i n D C M (2mL) and added to a 
suspension of [Ir(ppy-F2)Cl]2 17 (43 mg, 0.035 mmol) i n methanol (2.5 mL). The 
solution was stirred at reflux for 90minutes. After cooling to room temperature, all 
solvent was removed under reduced pressure and the residue was re-dissolved in the 
min imum volume of acetonitrile and water. Filtration of this solution into a saturated 
aqueous solution of KPFe yielded a yellow precipitate which was collected using a 
centrifuge, washed w i t h water and dried under reduced pressure. Purification was 
achieved via colunm chromatography (silica gel) using gradient elution f r o m 100% 
D C M to 98% D C M to 2% mefl\anol (45 mg, 0.052 mmol , 73%). i H N M R (400 M H z , 
d6-acetone): 8 8.88 (d, 2H, / = 8.5, bpy-H3), 8.39 (d, 2H, / = 8.4, ppy-H3), 8.35 (td, 2H, 
/ = 8.1, 1.6, bpy-H"), 8.22 (d, 2H, / = 5.5, bpy-H^), 8.06 (td, 2H, / = 8.3, 1.6, ppy-H*), 7.93 
(d, 2H, / = 5.8, ppy-H6), 7.75 (ddd, 2H, / = 77, 5.4, 2.2, bpy-Hs), 7.25 (ddd, 2H, / = 75, 
5.8, 1.4, ppy-H5), 6.76 (ddd, 2H, / = 22.7, 9.4, 2.4, ppy-H*'), 5.80 (dd, 2H, / = 8.5, 2.4, 
ppy-H6'). 19F N M R (400 M H z , d^-acetone): 8 -72.9 (d, JF-P = 708, PFe), -108.2 - -108.3 (m, 
ppy-F2), -110.5 (t, / = 22.5, ppy-F2). ES^ MS: m / z = 729.0 [ M - PFe]^ HR ES+ MS: 
m / z = 729.1223 measured, 729.1254 calculated for [C32H2oN4F4i93Ir]^ C , H & N 
analysis: 43.32% C, 2.36% H and 5.94% N measured, 43.10% C, 2.49% H and 6.28% N 
calculated for [C32H2oFioIrN4P] .H2O. TLC (Si02,15% meflianol, 85% DCM): Rf = 0.45. 
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(2,2'-Bipyridine)bis(2-(3,5-difluoro)phenylpyridine)rhodium(UI)hexafluorophosphate 
[Rh(ppy-F2)2(bpy)][PF6] 30 
2,2'-Bipyridine (17 mg, 0.11 mmol) was dissolved i n D C M (2.7 mL) and added to a 
suspension of [Rh(ppy-F2)2Cl]2 22 (52 mg, 0.05 mmol) i n methanol (3.3 mL). The 
solution was stirred at reflux for 90 minutes. Once cooled to room temperature, all 
solvent was removed under vacuum and the residue redissolved in acetonitiile and 
water. Filt iation of this solution into saturated aqueous KPFe gave a precipitate which 
was collected using a centiifuge and dried under vacuum (74 mg, 0.094 mmol, 94%). 
i H NMR (500 MHz, d^-acetone): 8 8.85 (d, 2H, / = 8.2, bpy-H3), 8.41 - 8.33 (m, 4H, 
ppy-H3 and bpy-H*), 8.25 (d, 2H, / = 5.2, bpy-H^), 8.14 (td, 2H, / = 7.9, 2.2, ppy-H"), 7.89 
(d, 2H, / = 5.9, ppy-H6), 7.75 (ddd, 2H, / = 7.6, 5.3, 2.2, bpy-Rs), 7.30 (ddd, 2H, / = 7.5, 
5.8, 1.2, ppy-H5), 6.83 (ddd, 2H, / = 22.5, 9.3, 2.4, ppy-H4'), 5.85 (d, 2H, / = 8.3, ppy-H^'). 
"F NMR (500 MHz, d^-acetone): 8 -73.0 (d, 6F, JF-P = 752, PFs), -108.0 (m, I H ) , -109.8 (m, 
I H ) . ES^ MS: m / z = 639.0 [ M - PFe]^ HR ES^ MS: m / z = 639.06745 measured, 
639.06736 calculated for [C32H2oN4F4io3Rh]^  C, H & N analysis: 47.58% C, 2.52% H and 
6.93% N measured, 47.63%% C, 2.81% H and 6.94% N calculated for 
[C32H2oFioN4PRh]. 1.25 H2O. TLC (Si02,15% methanol, 85% DCM): Rf = 0.59. 
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(2,2'-Bipyridine)bis(2-(3,4,5-trifluorophenyl)pyridine)iridium(ni)hexafluorophosphate 
[Ir(ppy-F3)2(bpy)][PF6]31 
2,2'-Bipyridine (17 mg, 0.11 mmol) was dissolved i n D C M (2.7 mL) and added to a 
suspension of [Ir(ppy-F3)a]2 23 (64 mg, 0.05 mmol) i n methanol (3.3 mL). The solution 
was heated under reflux for 90 minutes. After cooling to room temperature all solvent 
was removed under reduced pressure and the residue was re-dissolved in the 
min imimi volume of acetoiutrile and water. Filtration of this solution into saturated 
aqueous KPFe gave a precipitate which was collected using a centrifuge and dried 
under reduced pressure (74 mg, 0.081 mmol, 81%). i H N M R (500 M H z , d^-acetone): 
8 8.87 (d, 2H, / = 8.2, bpy-H3), 8.41 (d, 2H, / = 8.4, ppy-H3), 8.35 (td, 2H, / = 7.9, 1.5, 
bpy-H4), 8.29 (d, 2H, / = 5.5, bpy-H^), 8.10 (t, 2H, / = 7.9, ppy-H4), 7.95 (d, 2H, / = 5.8, 
ppy-H6), 7.73 (ddd, 2H, / = 7.7, 5.6, 1.3, bpy-H^), 7.30 (ddd, 2H, / = 7.5, 5.8,1.4, ppy-H^), 
5.89 (ddd, 2H, / = 7.8, 7.2, 1.9, ppy-H^'). " C N M R (500 M H z , d^-acetone): 8 164.3 (q), 
156.8 (ppy-CH6), 153.4 - 149.7 (2 dd, 2C-F), 152.1 (bpy-CH^), 150.9 (q), 145.2 (q), 141.2 
(bpy-CH4), 140.9 (ppy-CH4), 136.8 (dt, / = 950, 50, C-F), 129.9 (bpy-CHs), 129.4 (q), 126.1 
(bpy-CH3), 125.8 (ppy-CHs), 124.8 (d, / = 56.5, ppy-CH3),114.8 (d, / = 55.5, ppy-CH^'). 
"F NMR: (400 M H z , d^-acetone): 8 73.0 (d, ]P.F = 748, PFe), -133.4 (m, F3'), -137.6 (dd, 
/ = 18.5, 9.9, F4'), -170.7 (td, / = 19.7, 7.1, Ps')- ES- MS: m / z = 764.8 [ M - FFeV. HR ES-
MS: m / z = 765.10527 measured, 765.10596 calculated for [C32Hi8N4F6"3Ir]^ C, H & N 
analysis: 42.34% C, 2.01% H and 5.89% N measured, 42.25% C, 1.99% H and 6.16% N 
calculated for [C32Hi8Fi2lrN4P]. TLC (Si02,15% methanol, 85% DCM): Rf = 0.55. 
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(4-Bromo-2,2'-bipyridine)bis(2-phenylpyridim)mdium(III)hexafluorophosphate 
[Ir(ppy)2(bpy-Br)][PF6] 32 
4-Bromo-2,2'-bipyridine 7 (78 mg, 0.33 mmol) was dissolved in D C M (8 mL) and added 
to a suspension of [Ir(ppy)2Cl]2 15 (163 mg, 0.15 mmol) in methanol (lOmL). The 
solution was stirred at reflux for 90 minutes. Once cooled to room temperature, all 
solvent was removed under vacuum and the residue redissolved in acetonitrile and 
water. Filtration of this solution into saturated aqueous KPFe gave a yeUow/orange 
precipitate which was collected using a centrifuge and dried imder vacuxmi (264 mg, 
0.30 mmol, 98%). i H N M R (500 mHz, d^-acetone): 8 9.09 (s, I H , bpy-H3), 8.96 (d, I H , 
/ = 8.3, bpy-H3'), 8.33 (td, I H , / = 8.0, 1.2, bpy-H4'), 8.25 (d, 2H, / = 7.8, ppy-H3), 8.12 (d, 
I H , 7 = 5.2, bpy-H6'), 8.01 - 7.92 (m, 4H, ppy-H*, bpy-Hs and bpy-H^), 7.90 (d, 2H, 
7 = 7.7, ppy-H3'), 7.83 (d, I H , J = 5.6, ppy-H% 7.75 (t, I H , J = 6.3, bpy-Hs ), 7.19 - 7.14 (m, 
2H, ppy-H5), 7.06 - 7.01 (m, 2H, ppy-H4'), 6.94 - 6.89 (m, 2H, ppy-H^'), 6.33 (d, 2H, 
7 = 7.8, ppy-H6'). ES^ MS: m / z = 734.2 [ M - PFe]^ HR ES^ MS: m / z = 735.07268 
measured, 735.07300 calculated for [C32H23N479Bri93Ir]+. 
(4-Bromo-2,2'-bipyridine)bis(4-(2-pyridyl)benzaldehyde)iridium(lIl)hexafluor^^ 
[lr(pba)2(bpy-Br)][PF6] 33 
4-Bromo-2,2'-bipyridine 7 (74 mg, 0.315 mmol) was dissolved in D C M (8 mL) and 
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added to a suspension of [Ir(pba)2Cl]2 1 6 (180 mg, 0.152 mmol) i n methanol (10 mL). 
The mixture was heated at reflux for 90 minutes unt i l a clear orange solution was 
formed. After cooling to room temperature, a saturated solution of N H 4 P F 6 in 
methanol was added (2mL). The solvent was removed to give the crude product 
(215 mg), which was used in subsequent reactions without further purification. 
i H NMR (500 M H z , d^-acetone): 5 9.75 (s, 2H, CHO), 9.14 (s, I H , bpy-H3), 9.02 (d, I H , 
/ = 8.0, bpy-H3'), 8.45 (d, 2H, / = 8.0, ppy-H3), 8.37 (t, I H , / = 8.0, bpy-H4'), 8.18 - 8.07 
(m, 6H, ppy-H4, ppy-H3', bpy-H^', bpy-H^), 7.98 (t, 2H, / = 4.5, ppy-H^), 7.91 (dd, I H , 
/ = 5.5, 1.5, bpy-H5), 7.75 (t, I H , / = 6.3, bpy-Hs'), 7.57 (d, 2H, / = 8.0, ppy-H4'), 7.33 (2xt, 
2 H , ; = 6.0, ppy-H5), 6.85 (s, 2H, ppy-H^'). 
(4-Bromo-2,2'-bipyridine)bis(4-(2-pyridyl)benzaldehyde)rhodium(III)hexa^ 
[Rh(pba)2(bpy-Br)]IPF6] 3 4 
OHC 
OHC, 
4-Bromo-2,2'-bipyridine 7 (39 mg, 0.17 mmol) was dissolved i n D C M (4 mL) and added 
to a suspension of [Rh(pba)2Cl]2 19 (75 mg, 0.075 mmol) i n methanol (5mL). The 
solution was stirred at reflux for 90 minutes. Once cooled to room temperature, all 
solvent was removed xmder reduced pressure and the residue was redissolved in 
acetonitrUe and water. Filtration of this solution into saturated aqueous KPFs gave a 
precipitate which was collected using a centrifuge and dried tmder reduced pressure 
(120 mg, 0.142 mmol , 94%). ^H N M R (500 M H z , C D 3 C N ) : 8 9.71 (s, 2H, CHO), 8.76 (d, 
I H , / = 1.8, bpy-H3), 8.53 (d, I H , / = 8.1, bpy-H3'), 8.23 (d, 2H, / = 8.4, ppy-H3), 8.18 (td, 
I H , / = 7.8, 1.6, bpy-H" ), 8.08 - 8.03 (m, 4H, ppy-H3' and ppy-H"), 8.00 (d, I H , / = 5.2, 
bpy-H6'), 7.79 (d, I H , / = 5.7, bpy-H^), 7.72 (d, I H , / = 5.2, bpy-Hs), 7.69 - 7.65 (m, 2H, 
ppy-H6), 7.62 (dd, 2H, / = 7.9, 1.6, ppy-H*'), 7.52 (ddd, I H , / = 7.7, 5.3, 3.2, bpy-Hs), 7.24 
(t, 2H, / = 6.5, bpy-H5), 6.74 (s, 2H, ppy-H6'). ES^ MS: m / z = 703.0 [ M - HR ES^ 
MS: m / z = 701.00464 measured, 701.00539 calculated for [C34H23O2N479Bri03Rh]^ 
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(4:-Bromo-2,T-hi-pyridine)his(2-(5-fluorophenyl)jryridine)iridium 
[Ir(ppy-F)2(bpy-Br)][PF6] 3 5 
4-Bromo-2,2'-bipyridine 7 (39 mg, 0.17 mmol) was dissolved in D C M (4 mL) and added 
to a suspension of [Ir(ppy-F)2Cl]2 20 (86 mg, 0.075 mmol) i n methanol (5mL). The 
solution was stirred at reflux for 90 minutes. Once cooled to room temperature, all 
solvent was removed under reduced pressure and the residue was redissolved in 
acetonitrile and water. FUtration of this solution into saturated aqueous KPFe gave a 
yellow precipitate which was collected using a centrifuge and dried under reduced 
pressure (134 mg, 0.146 mmol, 97%). i R N M R (500 M H z , d^-acetone): 6 9.11 (d, I H , 
/ = 1.9, bph-H3), 8.98 (d, I H , / = 8.2, bpy-H3'), 8.36 (td, I H , / = 7.9, 1.6, bpy-H"), 8.25 (d, 
2H, / = 8.2, ppy-H3), 8.19 (d, I H , / = 5.4, bpy-H^'), 8.03 - 7.94 (m, 6H, ppy-H3', ppy-H^, 
bpy-H5 and bpy-H^), 7.83 (d, 2H, / = 5.8, ppy-H^), 7.78 (ddd, I H , / = 7.6, 5.5, 1.2, 
bpy-H5'), 7.22 - 7.16 (m, 2H, ppy-Hs), 6.84 and 6.83 (2 td, 2H, / = 9.0, 1.3, ppy-H^'), 
5.95-5.91 (m, 2H, ppy-H^'). " F N M R (200 MHz, d^-acetone): 5 -73.0 (d, JP-F = 752.6, 
PFs), -111.0 - -111.2 (m, ppy-F). ES+ MS: m / z = 771.1 [ M - PFe]*. HR ES^ MS: 
m / z = 769.05164 measured, 769.05182 calculated for [C32H2iN479BrF2"iIr]+. 
(4-Bromo-2,2'-bipyridim)bis(2-(3,5-difluorophenyl)pyridine)iridium(III)hexafl^ 
[Ir(ppy-F2)2(bpy-Br)][PF6] 3 6 
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4-Bromo-2,2'-bipyridine 7 (39 mg, 0.17 mmol) was dissolved in D C M (4 mL) and added 
to a suspension of [Ir(ppy-F2)Cl]2 1 7 (91 mg, 0.075 mmol) i n methanol (5mL). The 
solution was stirred at reflux for 2 hours. Once cooled to room temperature, all solvent 
was removed under reduced pressure and the residue was redissolved in acetonitrUe 
and water. Filtration of this solution into saturated aqueous KPFe gave a yellow 
precipitate which was collected using a centiifuge and dried under reduced pressure 
(112 mg, 0.12 mmol , 78%). i H N M R (400 M H z , d^-acetone): 5 9.11 (d, I H , / = 1.7, 
bpy-H3), 8.98 (d, I H , / = 8.2, bpy-H3'), 8.42 - 8.34 (m, 3H, ppy-H3 and bpy-H*'), 8.24 (d, 
I H , / = 5.3, bpy-H6'), 8.11 - 8.03 (m, 4H, ppy-H", bpy-Hs and bpy-H^), 7.94 and 7.92 (2 
overlapping d, 2H, ppy-H^), 7.78 (t, I H , J = 6.7, bpy-H5'),7.28 - 7.22 (m, 2H, ppy-Hs), 
6.79 - 6.73 (m, 2H, ppy-H*'), 5.81 - 5.76 (m, 2H, ppy-H^'). N M R (500 MHz, 
d6-acetone): 5 165.5 - 161.2 (2 overlapping m, 2 C-F), 158.1 (s, C), 155.6 (s, C), 154.9 (d, 
JC-F = 27, C), 152.4 (s, bpy-CHs or bpy-CH^), 152.1 (s, bpy-CHs ), 150.8 (d, ]C-F = 61, 
ppy-CH4), 141.2 (s, bpy-H"), 140.7 (s, b p y - O T or b p y - O T ) , 137.3 (s, C), 132.9 (s, 
ppy-CH6), 130.4 (s, bpy-CHS'), 129.5 (s, bpy-CH3), 128.8 (s, C), 126.6 (s, bpy-CH3'), 125.1 
(d, ]c-F = 31, ppy-CH5), 124.6 (dd, ]c-F = 79, ppy-CH3), 117.7 (s, C), 114.6 (m, ppy-CH^'), 
99.7 (td, Jc-F = 107, 15, ppy-CH" ). N M R (400 M H z , d^-acetone): 5 -72.0, -73.8, -108.1 
(m), -110.4 (m). ES+ MS: m / z = 807.0 [ M - FVe]*. HR ES+ MS: m / z = 807.03409 
measured, 807.03531 calculated for [C32Hi9N479BrF4"3Ir]+. 
(4-(4-Bromophenyl)-2,2'-bipyridine)bis(2-phenylp]/ridine)mdium(^^^^ 
[Ir(ppy)2(bpy-(^-Br)][PF6]37 
(4-(4-Bromophenyl)-2,2'-bipyridine 1 0 (102 mg, 0.33 mmol) was dissolved in D C M 
(8 mL) and added to a suspension of [Ir(ppy)2Cl]215 (163 mg, 0.15 mmol) i n methanol 
(10 mL). The solution was stirred under reflux for 90 minutes. Once cooled to room 
temperature, all solvent was removed xmder reduced pressure. The residue was 
dissolved in acetonitrile and water, filtered and added droppwise to a saturated 
aqueous solution of KPFe. The resulting yellow/orange precipitate was collected using 
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a centrifuge and dried under reduced pressure. Purification was achieved via column 
chromatography (alumina), using gradient elution f r o m 100% D C M to 1% methanol 
and 99% D C M (197 mg, 0.21 mmol, 69%). i H N M R (500 M H z , d^-acetone): 8 9.16 (d, 
I H , / = 1.9, bpy-H3), 9.10 (d, I H , / = 8.1, bpy-Rs'), 8.31 (td, I H , / = 8.0, 1.7, b p y - W ) , 8.26 
and 8.25 (2 overlapping d, 2H, J = 7.3, ppy-H3), 8.15 - 8.10 (m, 2H, bpy-H^ and bpy-H^'), 
8.01 (dd, I H , / = 5.7, 2.1, bpy-Hs), 7.99 - 7.86 (m, 8H, ppy-H3, ppy-H3', ppy-H^ and H^), 
7.79 (d, 2H, ] = 8.7, H A ) , 7.73 (ddd, I H , / = 7.6, 5.4, 1.2, bpy-Hs'), 7.18 and 7.15 (2 
overlapping ddd, 2H, / = 7.5, 5.8, 1.4, ppy-Hs), 7.06 and 7.04 (2 overlapping ddd, 2H, 
/ = 7.4, 4.8, 1.1, ppy-H" ), 6.94 and 6.92 (2 overlapping ddd, 2H, / = 7.4, 4.2,1.3, ppy-Hs), 
6.38 and 6.36 (2 overlapping d, 2H, ppy-H*'). ES^ MS: m / z = 811.1 [ M - PF6]^ HR ES^ 
MS: m / z = 811.10622 measured, 811.10430 calculated for [CssHijNi^^BrmrY. 
(4-(4-Bromophenyl)-2,2'-bipyridine)bis(4-(2-pyridyl)benzaldehyde)m^^ 
hexafluorophosphate [Ir(pba)2(bpy-(t)-Br)][PF6] 38 
OHC 
OHC 
4-(4-Bromophenyl)-2,2'-bipyridine 1 0 (96 mg, 0.31 mmol) was dissolved in D C M 
(8 mL) and added to a suspension of [Ir(pba)2Cl]2 1 6 (178 mg, 0.15 mmol) i n methanol 
(10 mL). The mixture was heated at reflux for 90 minutes xmtil a clear orange solution 
was formed. After cooling to room temperature, a saturated solution of NH4PF6 in 
methanol was added (2 mL). The solvent was removed to give the crude product 
(254 mg), which was used i n subsequent reactions wi thout further purification. 
i H N M R (500 M H z , C D 3 C N ) : 8 9.73 (d, 2H, / = 5.2, CHO), 8.86 (s + d overlap, 2H, 
bpy-H3', bpy-H3), 8.22 (m, 3H, ppy-H3, bpy-H4'), 8.04 - 7.93 (m, 6H, ppy-H3', ppy-H*, 
bpy-H6', bpy-H6), 7.84 (d, 2H, ] = 8.1, H"), 7.78 - 7.69 (m, 5H, H A , ppy-H^, bpy-Hs), 7.56 
(m, 2H, ppy-H"'), 7.51 (dd, I H , / = 13, 5.5, bpy-Hs'), 7.20 (t, 2H, / = 5.8, ppy-H^), 6.77 (d, 
2H, / = 5.0, ppy-H6'). ES^ MS: m / z = 867.1 [ M - PFe]^ 
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(4-(4-Bromophenyl)-2,2'-bipyridine)bis(4-(2-pyridyl)benzaldehyde)rhodium(n^^ 
hexafluorophosphate [Rh(pba)2(bpy-(|)-Br)] [PFe] 39 
OHC 
OHC. 
4-Bromophenyl-2,2'-bipyridine 1 0 (68 mg, 0.22 mmol) was dissolved i n D C M (5.3 mL) 
and added to a suspension of [Rh(pba)2Cl]2 1 9 (101 mg, 0.1 mmol) i n methanol 
(6.7 mL). The solution was stirred at reflux for 90 minutes. Once cooled to room 
temperature, al l solvent was removed under reduced pressure and the residue was 
redissolved i n acetonitrile and water. Filtration of this solution into saturated aqueous 
KPFe gave a precipitate which was collected using a centrifuge and dried under 
vacuum. Purification was achieved via col imm chromatography (alimiina) using 
gradient elution f r o m 100% D C M to 99% D C M and 1% methanol (137 mg, 0.15 mmol, 
74%). i H N M R (500 M H z , d^-acetone): 8 9.78 and 9.77 (2 s, 2H, CHO), 9.17 (d, I H , 
/ = 1.5, bpy-H3), 9.11 (d, I H , / = 8.2, bpy-H3'), 8.49 and 8.47 (2 overlapping d, 2H, / = 7.2, 
ppy-H3), 8.36 (td, I H , / = 7.7, 1.6, bpy-H4'), 8.26 - 8.16 (m, 6H, ppy-H3', ppy-H*, bpy-H^ 
and bpy-H6'), 8.06 - 7.93 (m, 5H, bpy-Hs, ppy-H^ and HB ) , 7.79 (d, 2H , ] = 8.7, H A ) , 7.73 
(ddd, I H , / = 7.6, 5.3,1.0, bpy-Hs), 7.68 (ddd, 2H, / = 7.9, 5.2,1.6, ppy-H*'), 7.39 and 7.37 
(2 overlapping ddd, 2H, / = Z5, 5.7, 1.3, ppy-Hs), 6.91 and 6.90 (2 s, 2H, ppy-H^'). ES^ 
MS: m / z = 779.0 [ M - PF6]^ HR ES^ MS: m / z = 77.03755 measured, 777.03669 
calculated for [C4oH2702N479Brio3Rh]+. 
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(4-(4-Methoxy)phenyl-2,2'-bipyridine)bis(2-phenylpyridine)mdium(III)hexafl^ 
[Ir(ppy)2(bpy-f OMe)][PF6] 4 0 
OMe 
4-(4-Methoxy)phenyl-2,2'-bipyridine (80 mg, 0.31 mmol) was dissolved i n D C M (8 mL) 
and added to a suspension of [Ir(ppy)2Q]215 (162 mg, 0.15 mmol) i n methanol (10 mL). 
The mixture was heated imder reflux for 3 hours i m t i l a clear orange solution was 
formed. After cooling to room temperature, the solution was filtered to remove any 
undissolved solid, and all solvent was removed under reduced pressure. The resulting 
solid was dissolved i n acetonitrile, filtered, and added dropwise to a saturated aqueous 
solution of KPFe. The resulting yeUow/orange precipitate was collected using a 
centrifuge and dried imder reduced pressure (159 mg, 0.18 mmol , 58%). ^H N M R 
(500 M H z , d6-acetone ): 8 9.09 (s, I H , bpy-H3'), 9.07 (s, I H , bpy-H3), 8.20 (td, I H , / = 7.9, 
2.5, bpy-H4'), 8.16 (t, 2H, / = 7.3, ppy-H3), 8.03 (d, I H , / = 5.3, bpy-H^'), 7.95 - 7.76 (m, 
lOH, ppy-H6, ppy-H4, ppy-H3', bpy-H^, bpy-H^, H^), 7.61 (td, I H , / = 6.3, 1.0, bpy-Hs'), 
7.08 (m, 2H, ppy-Hs), 7.05 (d, 2H, / = 8.9, H A ) , 6.95 (ddd, 2H, / = 75, 5.0, 1.0, ppy-H"'), 
6.84 (ddd, 2H, / = 7.5, 4.0, 1.0, ppy-H^'), 6.29 (d, 2H, / = 7.6, ppy-H^'), 3.89 (s, 3H, Me). 
ES* MS: m / z = 762.8 [ M - PFe]^ HR ES^ MS: m / z = 763.2066 measured, 763.2049 
calculated for [C39H3o"3IrN40]^ C, H & N analysis: 50.67% C, 3.35% H and 5.99% N 
measured, 50.59% C, 3.48% H and 6.05% N calculated for [C39H3oF5lrN40P]. H2O. TLC 
(AI2O3, 5% methanol, 95% DCM): Rf = 0.68. 
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(4-(4-Methoxy)phenyl)-2,2'-bipyridine)bis(4-(2-pyridyl)benzaldehyde)irM 
hexafluorophosphate [Ir(pba)2(bpy-(t)-OMe)][PF6] 41 
OHC 
OHC 
OMe 
4-(4-Methoxy)phenyl-2,2'-bipyriduie (84 mg, 0.32 mmol) was dissolved i n D C M (8 mL) 
and added to a suspension of [Ir(pba)2Cl]216 (183 mg, 0.15 mmol) i n methanol (10 mL). 
The mixture was heated at reflux for 90 minutes unt i l a clear orange solution was 
formed. After cooling to room temperature, all solvent was removed imder reduced 
pressure. The resulting solid was dissolved i n acetonitiile, filtered and added 
dropwise to a saturated aqueous solution of KPFe. The resulting yellow/orange 
precipitate was collected using a centiifuge and dried vmder reduced pressure. 
Purification was achieved via colunm chromatography (alumina), using gradient 
elution f rom 100% D C M to 0.5% metiianol and 99.5% D C M (93 mg, 0.097 mmol, 31%). 
i H N M R (500 M H z , d^-acetone): 8 9.76 (d, 2H, J = 4.1, CHO), 9.13 (s, I H , bpy-H3'), 9.11 
(s, I H , bpy-H3), 8.44 (t, 2H, / = 7.1, ppy-H3), 8.32 (td, I H , / = 7.9,1.4, bpy-H*'), 8.15 (2xd, 
3H, ppy-H3', bpy-H6'), 8.12 - 8.05 (m, 4H, ppy-H^, ppy-H4), 8.02 (d, I H , / = 5.5, bpy-H^), 
8.00 (d, 2H, / = 9.0, H B ) , 7.93 (dd, I H , / = 5.5, 1.5, bpy-Hs), 7.70 (t, I H , / = 6.6, bpy-Hs'), 
7.57 (td, 2H, / = 7.0,1.5, ppy-H*'), 7.33 (m, 2H, ppy-Hs), 7.13 (d, 2H, / = 8.9, H A ) , 6.91 (s, 
2H, ppy-H6'), 3.89 (s, 3H, Me). ES^ MS: m / z = 818 [ M - PFe]^ HR ES^ MS: 
m / z = 819.2028 measured, 819.1947 calculated for [C4iH3o"%N403]^ C , H & N 
analysis: 50.16% C, 3.12% H and 5.64% N measured, 50.15% C, 3.28% H and 5.71% N 
calculated for [C4iH3oF6lrN403P]. H2O. TLC (AI2O3, 5% methanol, 95% DCM): Rf = 0.59. 
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(4-(4-Pyridyl)-2,2'-bipyridine)bis(2-phenylpyridine)iridium(III)hexaflm^^ 
[lr(ppy)2(bpy-py)][PF6]42 
4-(4-Pyridyl)-2,2'-bipyridine 11 (60 mg, 0.26 mmol) was dissolved i n D C M (8 mL) and 
added to a suspension of [Ir(ppy)2Cl]2 1 5 (137 mg, 0.13 mmol) i n methanol (10 mL). 
The mixture was heated imder reflux for 2 hours tmt i l a clear yellow solution was 
formed. After cooling to room temperature, all solvent was removed under reduced 
pressure. The resulting solid was dissolved i n acetonitrile, filtered and added 
dropwise to a saturated aqueous solution of KPFe. The resulting yeUow/orange 
precipitate was collected using a centrifuge and dried under reduced pressure. 
Purification was achieved via column chromatography (alumina), using gradient 
elution f r o m 100% D C M to 1.5% methanol and 98.5% D C M (51 mg, 0.06 mmol, 22%). 
i H N M R (500 M H z , d^-acetone): 8 9.24 (d, I H , / = 1.5, bpy-H3), 9.12 (d, I H , / = 8.2, 
bpy-H3'), 8.80 (d, 2H, / = 4.6, H A ) , 8.33 (td, I H , / = 8.0, 1.5, bpy-H^'), 8.26 (t, 2H, / = 7.5, 
ppy-H3), 8.20 (d, I H , / = 5.8, bpy-H^), 8.14 (d, I H , / = 5.4, bpy-H^'), 8.09 (dd, I H , / = 5.9, 
1.8, bpy-H5), 8.00 - 7.87 (m, 8H, H" , ppy-W, ppy-H3', ppy-H^), 7.74 (t, I H , / = 6.6, 
bpy-H5'), 7.16 (2 x t, 2H, / = 6.6, ppy-Hs), 7.05 (dd, 2H, / = 24.2, 6.9, ppy-H^'), 6.94 (ddd, 
2H, / = 22.9, 5.4, 1.0, ppy-Hs'), 6.37 (t, 2H, / = 8.1, ppy-H^')- ES^ MS: m / z = 734.3 
[ M - P F f i ] ^ HR ES^ MS: m / z = 734.18988 measured, 734.18904 calculated for 
[C37H27i93irN5]^ C, H & N analysis: 49.98% C, 3.12% H and 7.83% N measured, 50.05% 
C, 3.18% H and 7.89% N calculated for [CsyHszFelrNsP]. 0.5 H2O. TLC (AI2O3, 5% 
metiianol, 95% DCM): Rf = 0.59. 
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(4-(4-Pyridyl)-2,2'-bipyridine)bis(4-(2-pyridyl)benzaldehyde)iridium(in)hexa^^ 
[lr(pba)2(bpy-py)][PF6]43 
OHC 
OHC 
4-(4-Pyridyl)-2,2'-bipyridine 11 (50 mg, 0.21 mmol) was dissolved in D C M (8 mL) and 
added to a suspension of [Ir(pba)2Cl]2 1 6 (128 mg, 0.11 mmol) i n methanol (10 mL). 
The mixture was heated under reflux for 4 hours tmt i l a clear yellow solution was 
formed. After cooling to room temperature, all solvent was removed under vacuum. 
The resulting soUd was dissolved in acetonitrile, fi l tered and added dropwise to a 
saturated aqueous solution of KPFe. The restdting yellow/orange precipitate was 
collected using a centrifuge and dried under reduced pressure. Purification was 
achieved via coltmm chromatography (altimina), using gradient elution f rom 100% 
D C M to 1% metiianol and 99% D C M (37 mg, 0.040 mmol , 19%). i H N M R (500 MHz, 
d6-acetone): 8 9.72 (d, 2H, / = 3.2, CHO), 8.79 (d, 2H, / = 6.0, H A ) , 8.75 - 8.71 (m, 2H, 
bpy-H3', bpy-H3), 8.20 (td, I H , / = Z9,1.6, bpy-H*'), 8.11 (d, 2H, / = 8.4, ppy-H3), 8.05 (d, 
I H , / = 5.6, bpy-H6 or bpy-Hs), 7.99 (d, I H , / = 5.6, bpy-H^'), 7.95 - 7.89 (m, 4H, ppy-H*, 
ppy-H3'), 7.70 - 7.61 (m, 5H, ppy-H^, H ^ and bpy-H^ or bpy-H^), 7.58 - 7.55 (m, 2H, 
ppy-H4'), 7.50 (td, I H , / = 6.4, 1.0, bpy-Hs'), 7.21 - 7.16 (m, 2H, ppy-H^), 6.74 (dd, 2H, 
/ = 9.9, 1.4, ppy-H6'). ES+ MS: m / z = 790.3 [ M - PFe]^ HR ES^ MS: m / z = 790.17880 
measured, 790.17887 calculated for [C39H27"3IrN502]^ TLC (AI2O3, 5% metiianol, 95% 
DCM): Rf = 0.38. 
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(4-(4-(4-Pyridyl)phenyl)-2,2'-bipyridine)bis(2-phenylpyridine)iridium(in)^^ 
[Ir(ppy)2(bpy-(t)-py)][PF6]44 
I + 
4-(4-(4-Pyridyl)phenyl)-2,2'-bipyridine 12 (69 mg, 0.22 mmol) was dissolved in D C M 
(8 mL) and added to a suspension of [Ir(ppy)2Cl]2 1 5 (95 mg, 0.089 mmol) i n methanol 
(10 mL). The mixture was heated imder reflux for 90 minutes, xmtil a clear yellow 
solution was formed. After cooling to room temperature, all solvent was removed 
under reduced pressure. The resulting solid was dissolved in acetonitrile and added 
dropwise to a saturated aqueous solution of KPFe. The resulting yellow/orange 
precipitate was collected using a centrifuge and dried under reduced pressure. 
Purification was achieved via colvunn chromatography (alimiina), using gradient 
elution f r o m 100% D C M to 1% methanol and 99% D C M (36 mg, 0.038 mmol, 21%). 
i H N M R (500 M H z , d^-acetone): 8 9.24 (s, I H , bpy-H3), 9.15 (d, I H , / = 8.3, bpy-H3'), 
8.69 (d, 2H, / = 5.7, H A ' ) , 8.34 (td, I H , / = 7.9, 1.5, bpy-H"'), 8.27 (t, 2H, / = 8.3, ppy-H3), 
8.20 - 8.13 (m, 4H, bpy-H^', bpy-H^, H^), 8.10 (dd, I H , / = 5.8, 1.8, bpy-Hs), 8.04 (d, 2H, 
/ = 8.4, HA), 8.01 - 7.87 (m, 6H, ppy-H^, ppy-H*, ppy-H3'), 7.78 - 7.73 (m, 3H, bpy-Hs', 
HB'), 7.21 - 7.14 (m, 2H, ppy-H^), 7.06 (q, 2H, / = Z42, ppy-H4'), 6.94 (q, 2H, / = 6.3, 
ppy-H5'), 6.38 (t, 2H, / = 7.2, ppy-H*'). ES+ MS: m / z = 810.3 [ M - PFa]^ HR ES^ MS: 
m / z = 810.22132 measured, 810.22034 calculated for [CisHsi^^sirNsJ^ TLC (AI2O3, 5% 
methanol 95% DCM): Rf = 0.63. 
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6.6.2 Elaborating monometallic complexes via chemistry on the complex 
(4-{4-Hydroxy)phenyl-2,2'-bipyridim)bis(2-phenylpyndine)mdium(lll)hex 
(based on work by Ward et al^) [lr(ppy)2(bpy-0-OH)](PF)6 4 5 
+ 
[lr(ppy)2(bpy-(j)-OMe)][PF6] 4 0 (50 mg, 0.055 mmol) was dissolved in D C M (15 mL) and 
placed under rutiogen. Boron tiibromide (0.40 m L of 1.0 M solution in D C M , 
equivalent to 0.40 mmol) was carefully added to this solution whilst cooling in ice, and 
the resulting mixture stirred at room temperature for 3 hours. After this time water 
(20 mL) was added to quench any xmreacted boron tiibromide and the D C M layer was 
separated, washed w i t h water ( 2 x 2 0 m L ) , dried over magnesium sulphate and 
evaporated to dryness. The yeUow soUd was then dissolved i n acetonitiile and water, 
filtered and added dropwise to a saturated aqueous solution of KPFe. The resulting 
precipitate was collected via fUtiation and dried under reduced pressure (37 mg, 
0.041 mmol , 75%). ^H N M R (500 M H z , d^-acetone): 8 9.14 (s, I H , OH), 9.08 (d, I H , 
/ = 8.2, bpy-H3'), 9.05 (d, I H , / = 1.7, bpy-H3), 8.30 (td, I H , / = 7.8, 1.5, bpy-H"'), 8.25 (t, 
2H, / = 7.0, ppy-H3), 8.12 (dd, I H , / = 5.5, 0.9, bpy-H^'), 8.01 - 7.86 (m, lOH, p p y - m 
ppy-H", ppy-H3', bpy-H^, bpy-Hs, HB ) , 7.70 (t, I H , / = 5.5, bpy-Hs'), 7.17 (t, 2H, / = 6.6, 
ppy-H5), 7.04 (m, 4H, ppy-H"', H A ) , 6.93 (m, 2H, ppy-H^'), 6.37 (d, 2H, / = 7.7, ppy-H^'). 
ES^MS: m / z = 748.3 [ M - PFe]^ HR ES^ MS: m / z = 749.18836 measured, 749.18871 
calculated for [C38H28i93irN40]^ C, H & N analysis: 49.44% C, 3.31% H and 5.80% N 
measured, 49.56% C, 3.39% H and 6.08% N calculated for [C38H28F6lrN40P]. 1.5 H 2 O . 
TLC (AI2O3, 5% methanol, 95% DCM): Rf = 0.38. 
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(2,2' -Bipyridine)bis(2-(4-bromophenyl)pyridine)iridiuni(III)hexafluorophosphate (based on 
work by Coudret et aV^O Ihr(ppy-Br)2(bpy)][PF6] 46 
N-Bromosuccinimide (58 mg, 0.33 mmol) i n acetonitrile (2 mL) was added to a solution 
of [Ir(ppy)2(bpy)][PF6] 2 4 (101 mg, 0.13 mmol) also i n acetonibrile (10 mL). After 
stirring at room temperature for 18h, the solution was concentiated imder vacuum and 
added dropwise to a saturated aqueous solution of KPFe. The resulting precipitate was 
collected and washed w i t h water (113 mg). However, ^H N M R revealed that there was 
stiU a trace of either non-brominated or singly brominated iridivun complex, so the 
residue was redissolved i n acetonitiile (5 mL) and a further amoimt of 
N-bromosuccinimide (10 mg) was added. After a further 18h the reaction was worked 
up as before, yielding exclusively the di-brominated i r id ium complex (104 mg, 
0.11 mmol, 86%). i H N M R (500 MHz, d6-acetone): 8 8.87 (d, 2H, / = 8.1, bpy-H3), 8.37 
(d, 2H, / = 8.2, ppy-H3), 8.33 (td, 2H, / = 7.9, 2.5, bpy-H"), 8.18 (d, 2H, / = 5.5, bpy-H^), 
8.07 (d, 2H, / = 2.2, ppy-H3'), 8.02 (td, 2H, / = 7.9, 2.4, ppy-H^), 7.87 (d, 2H, / = 5.8, 
ppy-H6), 7.75 (td, 2H, / = 6.5, 2.0, bpy-H^), 7.23 (td, 2H, / = 6.6, 2.2, ppy-Hs), 7.07 (dd, 
2H, / = 8.1, 2.0, ppy-H5'), 6.25 (d, 2H, / = 8.1, ppy-H^'). ES^ MS: m / z = 814.7 [ M - PFe]^ 
HR ES^ MS: m / z = 816.97878 measured, 816.97942 calculated for [C32H22N48iBr2"3Ir]\ 
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(2,2'-Bipyndine)bis(2-(4-bromo-5-fluoro)phenylpyridine)iridium(III)hexafluorophos^ 
(based on work by Coudret et aU^^) [Ir(ppy-F,Br)2(bpy)][PF6] 4 7 
N-Bromosuccinimide (9 mg, 0.053 mmol) in acetonitrile (1 mL) was added to a solution 
of [lr(ppy-F)2(bpy)][PF6] 2 7 (20 mg, 0.024 mmol) also in acetonitiile (1 mL). The 
mixture was heated to 50°C with stirring for 94 h. A t this point, ^H N M R revealed that 
there was still a trace of either non-brominated or singly brominated iridivmi complex, 
so the solution was heated at 50°C for a further 24 h after an additional equivalent of 
N-bromosuccinimide (4 mg) was added. After removing all solvent vmder reduced 
pressure, the residue was redissolved in acetorutrUe and water and added dropwise to 
a saturated aqueous solution of KPFe. The restdting solid was collected using a 
centrifuge, wash with water and dried under reduced pressure (20 mg, 0.020 mmol, 
84%). i H N M R (500 M H z , d^-acetone): 8 8.88 (d, 2H, / = 8.2, bpy-H3), 8.39 - 8.32 (m, 4H, 
ppy-H3 and bpy-H4), 8.26 (d, 2H, / = 5.6, bpy-H^), 8.24 (d, 2H, / = 6.7, ppy-H3'), 8.04 (td, 
2H, / = 7.8, 1.4, ppy-H4), 7.87 (d, 2H, / = 5.8, ppy-H^), 7.75 (ddd, 2H, / = 76, 5.4, 1.1, 
bpy-H5), 7.25 (ddd, 2H, / = 7.3, 5.9,1.2, ppy-Hs), 6.03 (d, 2H, / = 9.3, ppy-H^'). i^p N M R 
(200 M H z , dfi-acetone): 8 73.1 (d, JF-P = 704, PFe), -107.0 (dd, / = 9.3, 6.2, ppy-F). ES+ MS: 
m / z = 851.0 [ M - PFe]^ HR ES^ MS: m / z = 848.96644 measured, 848.96467 calculated 
for [C32H2oN479Br2F2"3Ir]+. 
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(4-(4-Dimethylaminophenyl)-2,2'-bipyridine)bis(4-(2-pyridyl)benzaldehyde)m^ 
hexafluorophosphate [Ir(pba)2(bpy-(|)-NMe2)][PF6] 5 0 
OHC 
OHC 
+ 
A Schlenk tube was charged with [Ir(pba)2(bpy-Br)][PF6] 3 3 (350 mg, 0.26 mmol), 
dimethylaminophenyl-4-boronic acid (95 mg, 0.58 mmol), aqueous Na2C03 (88 mg, 
0.83 mmol in 1 mL H2O) and DMSO (10 mL). The mixture was thoroughly degassed 
via four freeze-pump-thaw cycles and placed under nitiogen. Pd(PPh3)4 (30 mg, 
0.03 mmol) was added to the Schlenk tube under a positive pressure of nitrogen and 
the solution stirred and heated to 80 - 85°C for 24 hours. Once cooled, the DMSO 
solution was filtered and added dropwise to a saturated aqueous solution of KPFe. The 
resulting precipitate was collected using a centiifuge, washed with water and dried 
under reduced pressure. Purification was achieved via column chromatography 
(alumina), using gradient elution from 100% D C M to 0.5% metiianol and 99.5% D C M 
(127 mg, 0.13 mmol, 50%). i H NMR (500 MHz, d^-acetone): 8 9.77 (s, 2H, CHO), 9.10 (d, 
I H , / = 8.2, bpy-H3'), 9.03 (s, I H , bpy-H3), 8.44 (t, 2H, / = 6.5, ppy-H3), 8.31 (t, I H , / = 7.6, 
bpy-H4'), 8.18 - 7.99 (m, 7H, ppy-H^, ppy-H4, ppy-H3', bpy-H^'), 7.95 - 7.85 (m, 4H, 
bpy-H6, bpy-H5, HB ) , 7.69 (t, I H , / = 6.5, bpy-H^'), 7.58 (t, 2H, / = 6.2, ppy-H*'), 7.34 (d, 
2H, / = 5.8, ppy-H5), 6.90 (s, 2H, ppy-H*'), 6.87 (d, 2H, / = 8.5, H A ) , 3.07 (s, 6H, Me). 
ES+MS: m / z = 832.3 [M - PFe]^ HR ES+ MS: m / z = 832.2254 measured, 832.2258 
calculated for [C42H33^93irN502]^  C, H & N analysis: 51.15% C, 3.40% H and 6.24% N 
measured, 50.87% C , 3.90% H and 6.78% N calculated for [C42H33F6lrN502P]. 1.75 H2O. 
T L C (AI2O3, 5% metiianol, 95% DCM): Rf = 0.56. 
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(4-(4-(4-Dimethylarriiriopheriyl)pheriyl)-2,2''bipyridme)bis{4-{2-pyrid^ 
iridium(III)hexafluorophosphate [lr(pba)2(bpy-(|)-(t)-NMe2)][PF6] 51 
OHC 
OHC 
+ 
A Schlenk tube was charged with [Ir(pba)2(bpy-(j)-Br)][PF6] 3 8 (121 mg, 0.12iimiol), 
dimethylaminophenyl-4-boronic acid (42 mg, 0.25 mmol), aqueous Na2C03 (39 mg, 
0.37 mmol in 1 mL H 2 O ) and DMSO (6 mL). The mixture was thoroughly degassed via 
three freeze-pump-thaw cycles and placed xmder nitiogen. Pd(PPh3)4 (10 mg, 
0.009 mmol) was added to the Schlenk tube tmder a positive pressure of nitiogen and 
the solution stirred and heated to 80 - 85°C for 24 hours. Once cooled, the DMSO 
solution was added dropwise to a saturated aqueous solution of KPFe. The resulting 
precipitate was collected using a centiifuge, washed with water and dried under 
reduced pressure. Purification was achieved via column chromatography (alumina 
coliunn), using gradient elution from 100% D C M to 1% methanol and 99% D C M 
(35 mg, 0.033 mmol, 28%). i H NMR (500 MHz, C D 3 C N ) : 8 9.72 (d, 2H, / = 2.3, CHO), 
8.79 (s, I H , bpy-H3), 8.74 (d, I H , / = 8.2, bpy-H3'), 8.23 (t, 2H, / = 7.7, ppy-H3), 8.17 (t, 
I H , / = 7.8, bpy-H*'), 8.04 - 7.88 (m, 8H, ppy-H3', ppy-H^, bpy-H^', H B , bpy-H*), 
7.82-7.71 (m, 5H, ppy-H^, bpy-Hs, HA) , 7.61 (d, 2H, / = 8.8, H B ' ) , 7.55 (t, 2H, / = 6.5, 
ppy-H4'), 7.51 (t, I H , / = 6.5, bpy-H^'), 7.20 (dd, / = 12.7, 6.4, ppy-H^), 6.82 (d, 2H, ] = 8.7, 
H A ' ) , 6.78 (s, 2H, ppy-H6'), 2.97 (s, 6H, Me). E S + MS: m / z = 908.4 [M - PFsJ^ HR E S ^ 
MS: m / z = 908.2571 measured, 908.2571 calculated for [C48H37"3IrN502]^ C, H & N 
analysis: 52.43% C, 3.35% H and 6.17% N measured, 52.50% C , 3.86% H and 6.38% N 
calculated for [C48H37F6lrN502P]. 2.5 H 2 O . T L C (AI2O3, 5% methanol, 95% DCM): 
Rf=0.41. 
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(4-Phenyl-2,2'-bipyridine)bis(2-phenylpyridine)iridium(lII)hexafluorophosphate 
[Ir(ppy)2(bpy-ph)][PF]6 5 2 
A Schlenk tube was charged w i t h [Ir(ppy)2(bpy-Br)][PF6] 3 2 (88 mg, 0.10 mmol), 
benzeneboronic acid (27 mg, 0.22 mmol), Na2C03 (64 m g in 400 \xL H 2 O , 0.6 mmol) and 
DMSO (8 mL) . The solution was thoroughly degassed via 3 freeze-pump-thaw cycles 
before adding Pd(PPh3)4 (14 mg, 0.012 mmol) tmder a positive pressure of nitrogen. 
The solution was stirred at 80 - 85°C for 24 h. After tiiis time, the DMSO solution was 
diluted w i t h acetonitrile (5 mL) and centrifuged to remove an insoluble black solid. 
Filtration into a saturated aqueous solution of KPFe yielded a yellow precipitate which 
was collected using a centrifuge (86 mg). Purification was achieved via colvmm 
chromatography (sihca gel) using gradient elution f r o m 100% D C M to 98.5% D C M and 
1.5% methanol. Evaporation of solvent gave the desired product which was dried 
tmder reduced pressure (70 mg, 0.08 mmol, 80%). ^H N M R (500 M H z , ds-acetone): 
8 9.13 (s, I H , bpy-H3), 9.12 (d, I H , / = 8.2, bpy-H3), 8.32 (t, I H , / = 7.8, bpy-H^'), 8.26 and 
8.25 (2 overlapping d, 2H, / = Z4, ppy-H3), 8.14 and 8.11 (2 overlapping d, 2H, bpy-H^ 
and bpy-H6'), 8.03 - 7.86 (m, 9H, ppy-H", ppy-H^, ppy-Hs', bpy-H^ and H A ) , 7.73 (t, I H , 
/ = 6.5, bpy-H5'), 7.63 - 7.58 (m, 3H, H ^ and Hc), 7.18 and 7.16 (2 overlapping t, 2H, 
J =7.0, ppy-H5), 7.05 and 7.04 (2 overlapping t, 2H, / = 7,0, ppy-H^'), 6.94 - 6.93 
(2 overlapping t, 2H, / = Z3, ppy-Hs), 6.38 and 6.37 (2 overlapping d, 2H, ppy-H^'). iH 
N M R (400 M H z , CD3CN): 8 8.74 (s, I H , bpy-H3), 8.70 (d, I H , / = 8.3, bpy-H3), 8.15 (td, 
I H , / = 7.8, 1.6, bpy-H"), 8.09 and 8.07 (2 overlapping d, 2H, ppy-H3), 8.02 (d, I H , 
/ = 5.3, bpy-H6'), 7.97 (d, I H , / = 5.8, bpy-H^), 7.90 - 7.78 (m, 6H, ppy-H4, ppy-H^ and 
H A ) , 7.75 (dd, I H , / = 5.8, 1.7, bpy-Hs), 7.67 and 7.65 (2 overlapping d, 2H, / = 6.4, 
ppy-H3'), 7.61 - 7.56 (m, 3H, H " and Hc), 7.52 (t, I H , / = 6.4, bpy-Hs ), 7.10 - 7.00 (m, 4H, 
ppy-H"' and ppy-H^), 6.96 - 6.90 (2 overlapping dd, 2H, ppy-H^'), 6.30 (d, 2H, / = 7.6, 
ppy -H6) . ES+ MS: m / z = 733.3 [ M - PFeY- HR ES^ MS: m / z = 733.1957 measured, 
733.1943 calculated for [C38H28"3IrN4]^ C , H & N analysis: 51.16% C, 3.21% H and 
6.15% N measured, 50.95% C, 3.38% H and 6.25% N calculated for 
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[C38H28F6lrN4P]. H 2 O . T L C (AI2O3,5% methanol, 95% DCM): Rf = 0.62. 
(4-Phenyl-2,2'-bipyridine)bis(2-(5-fluorophenyl)pyridine)iridium(ni)hexa^^ 
[Ir(ppy-F)2(bpy-ph)][PF6] 53 
A Schlenk tube was charged with [Ir(ppy-F)2(bpy-Br)][PF6] 35 (80 mg, 0.087 mmol), 
benzene boronic acid (13 mg, 0.11 mmol), Na2C03 (28 mg in 250 \iL H 2 O , 0.26 mmol) 
and DMSO (8 mL). The solution was thoroughly degassed via 3 freeze-pump-thaw 
cycles before adding Pd(PPh3)4 (6mg, 0.005 mmol) under a positive pressure of 
nitrogen. The solution was stirred at 80 - 85°C for 48 h. After this time, the DMSO 
solution was diluted with acetonitrile (5mL) and filtered into a satiu-ated aqueous 
solution of KPFe. The resulting precipitate was collected using a centrifuge. 
Purification was achieved via column chromatography (silica gel) using gradient 
elution from 100% D C M to 98.5% D C M and 1.5% methanol. Evaopration of solvent 
gave the desired product which was dried under reduced pressure (62 mg, 0.068 mmol, 
78%). i H NMR (500 MHz, ds-acetone): 6 9.15 (d, I H , / = 2.7, bpy-H3), 9.14 (d, I H , 
J = 8.2, bpy-H3'), 8.35 (td, I H , / = 76, 1.4, bpy-H4'), 8.27 and 8.25 (2 d, 2H, / = 7.4, 
ppy-H3), 8.19 (d, I H , J = 5.0, bpy-H*'), 8.17 (d, I H , J = 6.0, bpy-H^), 8.06 - 7.97 (m, 7H, 
ppy-H3', ppy-H4, bpy-H^ and H^), 7.88 and 7.93 (2 d, / = 5.7, ppy-H^), 7,76 (ddd, I H , 
/ = 7.6, 5.4, 1.0, bpy-H5'), 7.64 - 7.57 (m, 3H, H A and Hc), 7.23 - 7.17 (m, 2H, ppy-Hs), 
6.85 and 6.84 (2 overlapping ddd, 2H, ppy-H^'), 5.98 and 5.96 (2 dd, / = 4.1, 2.6, 
ppy-H6'). 13C NMR (500 MHz, d^-acetone): 5 167.5, 165.6, 163.6, 157.4,156.9, 154.5 (d, 
]c-F =133.5, C-F), 152.2 (bpy-CH^ or bpy-CH^'), 151.8 (bpy-CH^ or bpy-CH^'), 150.2, 
141.4, 140.7, 140.0 (ppy-CH3', ppy-CH", bpy-CHs or CH^), 136.5, 131.7 (CH^ or C H ^ , 
130.4 (CH^ or CH^), 129.7 (bpy-CH^'), 128.4 (ppy-CH3', ppy-CH4, bpy-CHs or CH^), 
128.2 (ppy-CH3', ppy-CH", bpy-CHs or CH^), 126.8 (ppy-CH3', ppy-CH4, bpy-CHs or 
CHb), 126.2 (bpy-H3'), 124.6 (ppy-CHs), 123.3 (bpy-CH3), 121.0 (ppy-CH3), 118.3 (dd, 
/ = 72.5, 10, ppy-CH6'), 110.5 (d, / = 91.5, ppy-CH*'). NMR (400 MHz, d^-acetone): 
5 -73.0 (d, ]p.F = 752, PFe), -111.1 - -111.2 (m, C-F). ES^ MS: m / z = 769.3 [M - PFe]^ HR 
ES+ MS: m / z = 767.17235 measured, 767.17261 calculated for [C38H26N4F2"iIr]\ 
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Q H & N analysis: 49.72% C, 2.90% H and 5.92% N measured, 49.95% C, 2.87% H and 
6.13% N calcvdated for [C38H26F8lrN4P]. T L C (SiOa, 15% methanol, 85% DCM): 
Rf = 0.61. 
(4-Phenyl-2,2'-bipyridine)bis(2-(3,5-difluorophenyl)pyridine)mdium 
[Ir(ppy-F2)2(bpy-ph)][PF6] 54 
A Schlenk tube was charged with [Ir(ppy-F2)2(bpy-Br)][PF6] 36 (90 mg, 0.094 mmol), 
benzene boronic acid (25 mg, 0.21 mmol), NaaCOs (60 mg in 400 fxL H 2 O , 0.57 mmol) 
and DMSO (8 mL). The solution was thoroughly degassed via three freeze-pump-thaw 
cycles before adding Pd(PPh3)4 (13 mg, 0.011 mmol) under a positive pressure of 
nitrogen. The solution was stirred at 80 - 85°C for 24 h. After this time, the DMSO 
solution was diluted with acetonitrile (5 mL) and centrifuged to remove an insoluble 
black solid. Filtration into a saturated aqueous solution of KPFe yielded a yellow 
precipitate which was collected using a centrifuge (81 mg). Purification was achieved 
via column chromatography (silica gel) using gradient elution from 100% D C M to 
98.5% D C M and 1.5% methanol. Evaporation of solvent gave the desired product 
which was dried under reduced pressure (65 mg, 0.068 mmol, 72%). NMR 
(500 MHz, d6-acetone): 6 9.18 - 9.13 (m, 2H, bpy-H3 and bpy-Hs), 8.44 - 8.35 (m, 3H, 
bpy-H4' and ppy-H3), 8.26 - 8.21 (m, 2H, bpy-Hs and bpy-H^'), 8.10 - 7.95 (m, 7H, 
ppy-H4, ppy-H6, bpy-H^ and HA) , 7.77 (t, I H , / = 6.6, bpy-RS), 7.64 - 7.58 (m, 3H, R B 
and HC), 7.27 and 7.25 (2 overlapping t, 2H, / = 7.2, ppy-Rs), 6.83 - 6.72 (m, 2H, 
ppy-H4'), 5.83 and 5.81 (2 overlapping d, 2H, / = 5.3, ppy-H^'). m NMR (400 MHz, 
CD3CN): S 8.75 (d, I H , / = 1.9, bpy-H3), 8.71 (d, I H , / = 8.2, bpy-H3'), 8.37 - 8.29 (m, 2H, 
ppy-H3), 8.19 (td, I H , J = 7.9, 1.5, bpy-H4), 8.04 (d, I H , / = 5.3, bpy-H^'), 8.00 (d, I H , 
/ = 5.8, bpy-H6), 7.95 - 7.85 (m, 4H, ppy-H*, H A ) , 7.77 (dd, I H , / = 5.8, 1.9, hpy-H% 7.68 
and 7.66 (2 overlapping d, 2H, ppy-H^), 7.63 - 7.50 (m, 4H, bpy-H5', H B and HC), 
7.13 - 7.05 (m, 2H, ppy-H^), 6.76 - 6.67 (m, 2H, ppy-H"), 5.76 (2 overlapping d, 2H, 
ppy-H6'). 19F NMR (400 MHz, d^-acetone): 5 -72.93 (d, 6H, JP-F = 705.9, PFs), 
-108.14 - -108.27 (m, 2H, ppy-ps'), -110.45 (t, 2H, / = 12.6, ppy-ps). ES^ MS: m / z = 805.4 
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[M - P F 6 ] \ HR ES^ MS: m / z = 805.1534 measured, 805.1567 calculated for 
[C38H24F4"3IrN4]^ C, H & N analysis: 48.02% C, 2.64% H and 5.59% N measured, 
48.05% C, 2.55% H and 5.90% N calculated for [C38H24FioIrN4P]. T L C (SiOz, 15% 
methanol, 85% DCM): Rf = 0.67. 
(4-Phenyl-2,2'-hipyndine)his(4~(2-pyridyl)henzaldehy(k)rhod^ 
[Rh(pba)2(bpy-ph)][PF6] 55 
O H C 
OHC, 
A Schlenk tube was charged with [Rh(pba)2(bpy-Br)][PF6] 34 (85 mg, 0.10 mmol), 
benzene boronic acid (15 mg, 0.12 mmol), Na2C03 (32 mg in 250 H 2 O , 0.30 mmol) 
and DMSO (8 mL). The solution was thoroughly degassed via 3 freeze-pump-thaw 
cycles before adding Pd(PPh3)4 (7mg, 0.006 mmol) imder a positive pressure of 
nitrogen. The solution was stirred at 80 - 85°C for 48 h. After this time, the DMSO 
solution was diluted with acetonitrile (4mL) and filtered into a saturated aqueous 
solution of KPFe. The resulting pale yellow precipitate was collected using a 
centrifuge. Purification was achieved via colvimn chromatography (silica gel) using 
gradient elution from 100% D C M to 98% D C M and 2% methanol. Evaporation of 
solvent gave the desired product which was dried under reduced pressure (71 mg, 
0.084 mmol, 84%). i H NMR (500 MHz, CD3CN): 5 9.73 and 9.72 (2 s, 2H, CHO), 8.76 (d, 
I H , / = 2.5, bpy-H3), 8.72 (d, I H , / = 8.2, bpy-H3'), 8.25 and 8.24 (2 d, 2H, / = 7.2, 
ppy-H3), 8.19 (td, I H , / = 7.8, 1.7, bpy-H*'), 8.09 - 8.02 (m, 5H, ppy-H3', ppy-H* and 
bpy-H6'), 7.99 (d, I H , / = 5.5, bpy-H^), 7.89 - 7.86 (m, 2H, H A ) , 7.77 - 7.71 (m, 3H, 
ppy-H6 and bpy-H^), 7.65 - 7.61 (2 overlapping dd, 2H, ppy-H4'), 7.61 - 7.57 (m, 3H, H^ 
and H C ) , 7.52 (ddd, I H , / = 7.6, 5.3, I . l , bpy-Hs), 7.25 and 7.24 (2 td, 2H, / = 5.8, 1.3, 
ppy-H5), 6.79 (s, 2H, ppy-H^'). ES+ MS: m / z = 700.2 [M - PFe]^ HR ES^ MS: 
m/z = 699.12715 measured, 699.12618 calculated for [C4oH28N402io3Rh]^ C, H & N 
analysis: 56.34% C, 3.46% H and 6.28% N measured, 56.29% C, 3.42% H and 6.56% N 
calculated for [C4oH28F6N402PRh]. 0.5 H 2 O . T L C (Si02, 15% methanol, 85% DCM): 
Rf = 0.62. 
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(2,2'-Bipyridine)bis(2-((4-phenyl)-phenyl)pyridine)mdium(IW^^ 
[Ir(ppy-ph)2(bpy)][PF6] 56 
A Schlenk tube was charged with [Ir(ppy-Br)2(bpy)][PF6] 46 (48 mg, 0.05 mmol), 
benzene boronic acid (24 mg, 0.20 mmol), Na2C03 (64 mg in 400 H 2 O , 0.60 mmol) 
and DMSO (8 mL). The solution was thoroughly degassed via 3 freeze-pump-thaw 
cycles before adding Pd(PPh3)4 (14 mg, 0.012 mmol) imder a positive pressure of 
nitrogen. The solution was stirred at 80 - 85 °C for 20 h. After this time, the DMSO 
solution was diluted with acetonitrile (5 mL) and centrifuged to remove an insoluble 
black solid. Filtration into a saturated aqueous solution of KPFe yielded a precipitate 
which was collected using a centiifuge (59 mg). Purification was achieved via column 
chromatography (silica gel) using gradient elution from 100% D C M to 97% D C M and 
3% methanol. Evaopration of solvent gave the desired product which was dried xmder 
reduced pressure (40 mg, 0.042 mmol, 84%). i H NMR (400 MHz, d^-acetone): 8 8.88 (d, 
2H, / = 8.3, bpy-H3), 8.50 (d, 2H, J = 7.9, ppy-H3), 8.32, td, 2H, / = 7.8, 1.6, bpy-H*), 
8.26 - 8.21 (m, 4H, ppy-H3' and bpy-H^), 8.02 (td, 2H, / = 7.9, 1.5, ppy-H4), 7.91 (d, 2H, 
/ = 5.7, ppy-H6), 7.73 (ddd, 2H, / = 7.6, 5.4, 1.2, bpy-Rs), 7.70 (d, 4H, / = 7.7, HB) , 7.43 (t, 
4H, / = 7.6, HA), 7.31 (t, 2H, / = 7.6, Hc), 7.27 (dd, 2H, / = 8.0, 2.1, ppy-Hs), 7.22 (ddd, 
2H, / = 7.5, 5.8, 1.4, ppy-Hs), 6.50 (d, 2H, / = 7.9, ppy-H^'). ES+ MS: m / z = 809.4 
I M - P F 6 ] ^ H R ES* MS: m / z = 809.2242 measured, 809.2256 calculated for 
[C44H32N4i93Ir]^  T L C {SiOi, 15% methanol, 85% DCM): Rf = 0.56. 
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6.6.3 Synthesis of boronic acid substituted monometallic complexes 
(4-(4-Phenylboronic acid)-2,2' -bipyridine)bis(2,2' bipifridine)ruthenium(II)hexafluorophosphate 
(based on route described by Meyer at fl/"i and subsequent conditions reported by 
Hammarstrom et aP^^) [Ru(bpy)2(bpy-(t)-B(OH)2)][PF6]2 57 
2+ 
A dry rovmd bottom flask was back-filled with nitiogen and charged with 
cis-bis(2,2'-bipyridine)dichlororuthenitun(Il)dihydrate (302 mg, 0.58 mmol), silver 
tetrafluoroborate (225 mg, 1.16 mmol) and acetone (40 mL, distilled). The mixture was 
stirred in the dark under nitrogen for 20 hours. After filtration of the solution through 
celite to remove soUd silver chloride, the filtiate was concentiated under reduced 
pressure and degassed using a flow of nitiogen for 1 hour. Bpy-cjj-neo 14 (200 mg, 
0.58 mmol) was dissolved in acetone (10 mL, distilled) and added to the initial solution, 
which was stirred at room temperature under nitiogen for 45 hours. After this time, 
solvent was removed tmder reduced pressure and the residue was redissolved in 
acetonitiile (5 mL). Addition to water (25 mL) produced an insoluble solid which was 
removed via filtiation. Upon the addition of saturated aqueous potassium 
hexafluorophosphate (5mL) a red oily solid was precipitated, which was collected 
using a centiifuge, washed with water and dried. Purification was achieved via 
column chromatography (silica gel) using gradient elution from 100% CH3CN to 80% 
CH3CN, 19.8% H2O, 0.2% KNO3 (313 mg, 0.32 mmol, 55%). i H NMR (400 MHz, 
CD3CN): 5 8.76 (d, I H , / = 1.6, bpy-(^-H3), 8.69 (d, I H , / = 8.2, bpy-(t)-H3'), 8.52 (dd, 4H, 
/ = 8.0, 4.8, bpy-H3), 8.11 - 8.03 (m, 5H, bpy-H* and hpy-^-W^), 7.96 (d, 2H, J = 7.9, H^), 
7.87 (d, 2H, / = 7.9, H A ) , 7.83 - 7.73 (m, 6H, bpy-H^, hpy-^-H(> and bpy-(|)-H6'), 7.67 (dd, 
I H , / = 6.1, 2.0, bpy-(|)-H5), 7.46 - 7.37 (m, 5H, bpy-Hs and bpy-(J.-H5), 6.19 (s, 2H, OH). 
ES^ MS: m / z = 345.1 [(bpy)2Ru(bpy-(j)-B(OH)2)]2V2 and 352.1 
[(bpy)2Ru(bpy-(|)-B(OH)(OMe))]2V2. HR ES^ MS: m / z = 348.58513 measured, 
348.58514 calculated for [C37H3iO2N6i0B96Ru]2V2. 
171 
(4-Phenyl-2,2'-bipyridine)bis(2,2'-bipyridine)mtheniurn(II)hexafluorophosphate 
[Ru(bpy)2(bpy-ph)][PF6]2 58 
Isolated during column chromatography of [Ru(bpy)2(bpy-(j)-B(OH)2)][PF6]2 57 (silica 
gel, 90% C H 3 C N , 9.8% H 2 O and 0.2% K N O 3 ) . ^H NMR (500 MHz, C D 3 C N ) : 5 8.74 (d, 
I H , / = 1.6, bpy-(t)-H3), 8.68 (d, I H , / = 8.3, hpy-^-H^), 8.51 (t, 4 H , / = 7.1, bpy-H3), 
8.11 - 8.02 (m, 5H, bpy-H* and bpy-fH*'), 7.87 (d, 2H, / = 7.4, H A ) , 7.82 - 7.71 (m, 6 H , 
bpy-H6, bpy-(|)-H6 and hpy-^-H^), 7.64 (dd, I H , / = 6.0, 1.9, hpy-^-H^), 7.62 - 7.54 (m, 
3H, HB and Hc), 7.44 - 7.38 (m, 5H, bpy-H^ and bpy-(j)-H5). ES^MS: m / z = 323.1 
[M-2PF6]2V2, 646.2 [M - 2PF6 + e-]^ 791.1 [M - FYeV- HR ES^MS: m / z = 791.1018 
measured, 791.1061 calculated for [C36H28N6F6Pio2Ru]^ T L C (SiOs, 2% K N O 3 (aq), 18% 
H 2 O , 80% C H 3 C N ) : Rf = 0.50. 
(4-(4-Phenylboronic acid)-2,2' -bipyridine)bis(2-phenylpyridine)iridium(in) 
hexafluorophosphate [Ir(ppy)2(bpy-(t)-B(OH)2)][PF6] 59 
I + 
Bpy-(t)-Bneo 14 (0.22 mmol) was dissolved in D C M (5.5 mL) and added to a suspension 
of [lr(ppy)2Cl]215 (107 mg, 0.10 mmol) in methanol (7mL). The solution was stirred at 
reflux for 90 minutes. Once cooled to room temperature, all solvent was removed 
under-reduced pressure and the residue-was re-dissolved in the minimum volume of-
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acetonitrile and water. Filtration of this solution into saturated aqueous KPFe gave a 
precipitate which was collected using a centrifuge and dried under reduced pressure 
(184 mg). The product was used without any further purification. ^ H N M R (500 MHz, 
d6-acetone): 5 9.14 (d, I H , / = 2.6, bpy-H3), 9.11 (d, I H , / = 8.3, bpy-H3'), 8.31 (td, I H , 
]=7.9, 1.3, bpy-H4'), 8.28 - 8.23 (2 overlapping d, 2 H , ppy-H3), 8.15 - 8.10 (m, 2 H , 
bpy-H6 and bpy-H^'), 8.02 (td, I H , / = 5.5, 2.7, bpy-Hs), 8.00 - 7.85 (m, lOH, ppy-H3', 
ppy-H4, ppy-H6, H A and H ^ ) , 7.72 (t, I H , / = 6.5, bpy-HS'), 7.43 (s, O H ) , 7.20 - 7.14 (m, 
2 H , ppy-H5), 7.08 - 7.02 (m, 2 H , ppy-H" ) , 6.97 - 6.90 (m, 2 H , ppy-Hs ) , 6.38 and 6.37 
(2 d, 2 H , ppy-H6'). E S * M S : m / z = 777.24 [ M - PFeY. H R E S ^ M S : m / z = 777.20029 
measured, 777.20075 calculated for [C38H2902N4"BW3ir]+. 
(4-(4-Phenylboronic acid)-2,2' -bipyridim)bis(2-(5-fluorophenyl)pyridine)iridium(III) 
hexafluorophosphate [Ir(ppy-F)2(bpy-(t)-B(OH)2)][PF6] 60 
+ 
Bpy-(t)-Bneo 14 (0.22 mmol) was dissolved in D C M (5.3 mL) and added to a suspension 
of [Ir(ppy-F)2Cl]2 20 (77 mg, 0.10 mmol) in methanol (6.7 mL). The solution was stirred 
at reflux for 90 minutes. Once cooled to room temperature, all solvent was removed 
under reduced pressure and the residue was re-dissolved in the minimum volume of 
acetonitrile and water. Filtration of this solution into saturated aqueous KPFe gave a 
precipitate which was collected using a centrifuge and dried under reduced pressure 
(173 mg). The product was reacted on without any further purification. ^H NMR 
(500 MHz, CD3CN): 6 8.81 (d, I H , / = 2.7, bpy-H3), 8.76 (d, I H , / = 8.3, bpy-H3'), 8.22 (td, 
I H , / = 7.8, 1.4, bpy-H4'), 8.13 - 7.88 (m, 12H, ppyHs, ppy-H3', bpy-H6, bpy-H6', H A , H B 
and ppy-H" or ppy-H^), 7.82 (td, I H , / = 6.2,1.8, bpy-Hs), 7.69 - 7.64 (m, 2H, ppy-H" or 
ppy-H6), 7.59 (t, I H , / = 6.5, bpy-Hs'), 7.13 - 7.07 (m, 2H, ppy-Hs), 6.92 - 6.86 (m, 2H, 
ppy-H4'), 6.27 (s, OH), 5.97 - 5.93 (2 overlapping d, ppy-H^'). i^F NMR (400 MHz, 
CD3CN): 8 -73.3 (d, Jp-F = 748, PFe), -111.4 - -111.5 (m, C-F). ES+ MS: m / z = 813.3 
[M-PFe]^ HR ES^ MS: m / z = 810.18313 measured, 810.18320 calculated for 
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[C38H27O2N4l0BF2"lIr]+. 
(4-(4-Phenylboronic acid)-2,2'-bipyridim)bis(2-(3,5-difluorophenyl)pyridine)iridium(in^ 
hexafluorophosphate [lr(ppy-F2)2(bpy-(|)-B(OH)2)][PF6] 61 
+ 
Bpy-(|)-Bneo 14 (0.16 mmol) was dissolved in D C M (4 mL) and added to a suspension of 
[lr(ppy-F2)Cl]2 17 (92 mg, 0.076 mmol) in methemol (5mL). The solution was stirred at 
reflux for 90 minutes. Once cooled to room temperature, aU solvent was removed 
under reduced pressure and the residue was re-dissolved in the minimxmi volume of 
acetonitrile and water. Filtration of this solution into saturated aqueous KPFe gave a 
yellow/green precipitate which was collected using a centrifuge and dried tmder 
reduced pressure (152 mg). Previous purification attempts using silica gel and 
D C M / M e O H solvent system had caused the product to deboronate. However, some 
degree of purification was achieved for 50 mg of the crude sample via column 
chromatography (silica colxuim), using gradient elution from 100% CH3CN to 94% 
CH3CN, 5.9% H2O and 0.1% KNO3. After evaporation of solvent, the desired product 
was separated from excess KNO3 by selective dissolution into hot acetonitrile 
containing a drop of water. This solution was concentrated and filtered into saturated 
aqueous KPFe to precipitate the product as the PFe salt, which was collected using the 
centrifuge and washed with water (20 mg, 38% yield based on crude mass). ^H NMR 
(400 MHz, d6-acetone): 8 9.20 - 9.14 (m, 2H, bpy-H3 and bpy-Hs), 8.45 - 8.34 (m, 3H, 
bpy-H4' and ppy-H3), 8.29 - 8.21 (m, 2H, bpy-Hs and bpy-Hs), 8.13 - 7.91 (m, 9H, 
ppy-H", ppy-H6, bpy-H^, H A and HB), 7.78 (t, I H , / = 6.4, bpy-Hs), 7.42 (s, 2H, OH), 7.27 
and 7.25 (2 overlapping t, 2H, / = 5.9, ppy-Hs), 6.83 - 6.74 (m, 2H, ppy-H*'), 5.85 - 5.80 
(m, 2H, ppy-H6). i^F NMR (200 MHz, d^-acetone): 6 -72.96 (d, 6H, JP-F = 707.S, PFs), 
-108.06 - -108.38 (m, 2H, ppy-ps), -110.45 (t, 2H, / = 11.8, ppy-ps). ES+ MS; m/z = 863.1 
[(ppyF2)2lr(bpy-(j)-B(OH)(OMe)]^ and 877.1 [(ppyF2)2lr(bpy-(j)-B(OMe)2]^ HR ES^ MS: 
m / z = 860.18021 measured, 860.18001 calculated for [C39H2702N4i''BF4i9iIr]+; 874.19554 
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measured, 874.19566 calculated for [C4oH2902N4ioBF4Wilr]+. 
(4-(4-Phenylboronic acid)-2,2'-bipyridine)bis(4-(2-pyridyl)benzaldehyde)rhodium(III) 
hexafluorophosphate [Rh(pba)2(bpy-(t)-B(OH)2)][PF6] 62 
O H C 
OHC. 
+ 
Bpy-(j)-Bneo 14 (0.11 mmol) was dissolved in DCM (2.7 mL) and added to a suspension 
of [Rh(pba)2Cl]219 (50 mg, 0.05 mmol) in methanol (3.4 mL). The solution was stirred 
at reflux for 90 minutes. Once cooled to room temperature, all solvent was removed 
xmder reduced pressure and the residue was re-dissolved in the minimum volxmie of 
acetonitrile and water. Filtration of this solution into saturated aqueous KPFe gave a 
precipitate which was collected using a centrifuge and dried tmder reduced pressure 
(75 mg). The product was reacted on without any further purification. i H NMR 
(400 MHz, CDaCN): 8 9.73 and 9.72 (2 s, 2H, CHO), 8.78 (d, I H , / = 1.4, bpy-H3), 8.71 (d, 
I H , / = 8.3, bpy-H3'), 8.26 and 8.24 (2 overlapping d, 2H, ppy-H3), 8.19 (td, I H , ] = 8.0, 
1.6, bpy-H"), 8.10 - 7.98 (m, 6H, ppy-H3', ppy-H", bpy-H^ and bpy-H^'), 7.96 (d, 2H, 
/ = 8.5, H B ) , 7.86 (d, 2H, / = 8.5, HA) , 7.77 - 7.70 (m, 3H, bpy-Hs and ppy-H*), 7.65 - 7.61 
(2 overlapping dd, 2H, ppy-H*'), 7.51 (ddd, I H , / = 7.6, 5.4, 1.0, bpy-Hs'), 7.27 - 7.21 (m, 
2H, ppy-H5), 6.78 (s, 2H, ppy-H^'), 6.21 (s, OH). ES^ MS: m/z = 743.3 [(pba)2Rh(bpy-(t)-
B(OH)2]\ 757.3 [(pba)2Rh(bpy-(t)-B(OH)(OMe)]^ 811.3 [(pba)2Rh(bpy-(t)-Bneo]^  HR ES^ 
MS: m/z = 810.19944 measured, 810.19937 calculated for [C45H37O4N4i0Bi03Rh]+. 
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6.6.4 Synthesis of 2,2':6',2"-terpyridine containing monometallic 
complexes 
(2,2':6',2"-Terpyridine)iridium(III)trichloride^94[ir(^tpy)Ch] 63 
A solution of 2,2':6',2"-terpyridine (234 mg, 1.00 mmol) and iridium tiichloride 
tiihydrate (354 mg, 1.00 mmol) in ethylene glycol (13 mL) was heated to 160 °C for 15 
minutes. After cooling to room temperature, the resulting precipitate was collected 
using a centiifuge and washed with ethanol ( 3 x 1 0 mL), water ( 3 x 1 0 mL), ethanol 
again (1 x 10 mL) and finally with diethyl ether ( 3 x 1 0 mL). The final product was 
dried under reduced pressure (290 mg, 0.55 mmol, 54%). iH NMR (500 MHz, CD3CN): 
8 9.23 (dd, 2H, / = 5.0, 0.7, H^), 8.78 (d, 2H, / = 8.2, H3), 8.74 (d, 2H, / = 8.0, H3' and Hs'), 
8.34 - 8.20 (m, 3H, H4 and H-*'), 7.98 (dd, 2H, / = 6.0, 0.5, Hs). 
(2,2':6',2"-Terpyridine)ruthenium(III)trichloridei^s [Ru(tpy)Cl3] 64 
A solution of 2,2':2',6"-terpyridine (134 mg, 0.57 mmol) and ruthenium tiichloride 
tiihydrate (150 mg, 0.57 mmol) in ethanol (20 mL) was heated to reflux for 4 h. After 
cooling to room temperature the resulting solid was collected using a centiifuge and 
washed with toluene (3 x 10 mL), ethanol (3 x 10 mL) and diethyl ether (3 x 10 mL). 
The product was reacted on without any further purication (231 mg, 0.52 mmol, 91%). 
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(2,2':6\2''-terpyridimK4-(4-hromo)phenyl)-2,2':6\2''-terpyridine)h^^ 
hexafluorophosphate^*^ [Ir(tpy)(tpy-(|)-Br)][PF6]3 65 
3+ 
A solution of [Ir(tpy)Cl3] 63 (202 mg, 0.38 mmol) and 4'-(4-bromophenyl)-2,2':6',2"-
terpyridine (148 mg, 0.38 mmol) in ethylene glycol (12 mL) was heated strongly at 
220 °C for 15 minutes yielding a clear dark red solution. After cooling to room 
temperature the solution was diluted with water (40 mL). Addition of a solution of 
saturated aqueous KPFe (10 mL) produced a precipitate which was collected using a 
centrifuge, washed with water and dried imder reduced pressure. Purification was 
achieved via colunm chromatograohy (silica gel) using gradient elution from 100% 
CHsCN to 53% CHsCN, 45% H 2 O and 2% K N O 3 . After evaporation of solvent, the 
desired product was separated from excess K N O 3 by selective dissolution into hot 
acetonitiile containing a drop of water. This solution was concentiated and filtered 
into saturated aqueous KPVe to precipitate the product as the PFe salt, which was 
collected using the centrifuge and washed with water (149 mg, 0.12 mmol, 32%). 
i H NMR (400 MHz, CD3CN): 8 9.05 (s, 2H, tpy-^-Br-H^), 8.85 (d, 2H, / = 8.2, tpy-H3'), 
8.77 (t, I H , / = 8.2, tpy-H4'), 8.69 (d, 2H, / = 8.2, tpy-(|)-Br-H3), 8.58 (d, 2H, / == 8.2, tpy-H3), 
8.26 - 8.17 (m, 4H, tpy-H4 and tpy-^-Br-H^ 8.11 (d, 2H, / = 8.3, HB) , 7.99 (d, 2H, / = 8.3, 
H A ) , 7.66 (d, 2H, / = 5.5, tpy-H^ or tpy-^-Br-H^), 7.58 (d, 2H, / = 5.5, tpy-H^ or 
tpy-(t)-Br-H6), 7.51 - 7.44 (m, 4H, tpy-Hs and tpy-fBr-Hs). ES^ MS: m / z = 271.0 
[M - 3PF6]3V3, 479.0 [M - 2PF6]2V2,1102.9 [M - FF^Y. 
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(2,2':6\2''Aerpyndine)(4-(4-bromophenyl)-2,2':6\2''-terpyndine)mthem 
hexafluorophosphate [Ru(tpy)(tpy-(|)-Br)][PF6]2 66 
2+ 
[Ru(tpy)Cl3] 64 (148 mg, 0.34 mmol) and silver triflate (259 mg, 1.01 mmol) were 
dissolved in a mixture of acetone (145 mL) and ethanol (35 mL) and heated to 80°C 
under an atmosphere of nitrogen in the dark for 3 h. After cooling to room 
temperature, the purple solution was filtered through ceUte to remove solid silver 
chloride. Acetone was removed from the solution under reduced pressure and 
4'-(4-bromophenyl)-2,2':2',6"-terpyridine (130 mg, 0.34 mmol) and ethanol (115 mL) 
were added before heating the solution to 80°C xmder an atmosphere nitrogen and in 
the dark for a further 3.5 h. After cooling to room temperature, all solvent was 
removed and the residue was re-dissolved in acetonitrile. FUtration of this solution 
into a saturated aqueous solution of KPFe yielded a dark red precipitate which was 
collected using a centrifuge and washed with water. Purification was achieved via 
column chromatography (silica gel) using gradient elution from 100% CH3CN to 90% 
CHaCN, 9.9% H 2 O and 0.1% K N O 3 . After evaporation of solvent, the desired product 
was separated from excess K N O 3 by selective dissolution into hot acetonitiile 
containing a drop of water. This solution was concentiated and filtered into saturated 
aqueous KPFe to precipitate the product as the PFe salt, which was collected using the 
centiifuge and washed with water (140 mg, 0.14 mmol, 41%). i H NMR (500MHz, 
d6-acetone): 8 9.46 (s, 2H, tpy-(t)-Br-H3'), 9.10 (d, 2H, / = 8.1, tpy-H3'), 9.04 (d, 2H, / = 8.1, 
tpy-(t)-Br-H3), 8.83 (d, 2H, ] = 8.1, tpy-H3), 8.60 (t, I H , ] = 8.1, tpy-H" ), 8.30 (d, 2H, / = 8.5, 
H B ) , 8.13 - 8.06 (m, 4H, tpy-H4 and tpy-(t)-Br-H4), 7.94 (d, 2H, / = 8.5, H A ) , 7.80 (d, 2H, 
/ = 5.6, tpy-H6), 7.74 (d, 2H, / = 5.6, tpy-(|)-Br-H6), 7.38 - 7.30 (m, 4H, tpy-H^ and 
tpy-(|)-Br-H5). ES^ MS: m/z = 362.0 [M - 2PF6]2+ / 2, 869.1 [M - PFe]^ 
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6.7 Synthesis of multimetallic systems 
[(ppy)2lr(bpy-^bpy)Ru(bpy)2][PF6]3 [Ir-fRu] 67 
3+ 
A Schlenk hibe was charged with [Ir(ppy)2(bpy-Br)][PF6] 32 (42 mg, 0.047 mmol), 
[Ru(bpy)2(bpy-(|)-B(OH)2)]IPF6]2 57 (55 mg, 0.056 mmol), Na2C03 (15 mg in 100 yiL 
water, 0.14 mmol) and DMSO (5 mL). The solution was thoroughly degassed via 3 
freeze-pump-thaw cycles before adding Pd(PPh3)4 (10 mg, 0.009 mmol) vmder a 
positive pressure of nitiogen. The solution was stirred at 80 - 85°C for 96 h, with an 
additional amount of catalyst (10 mg) added after 72 h. The DMSO was diluted with 
acetonitrile (3 mL) and filtered into saturated aqueous solution of KPFe. The orange 
precipitate was collected using a centrifuge and transferred in acetonitrile (144 mg). 
Purification was achieved via column chromatography (silica coltimn), gradient elution 
from 100% acetoniti-ile to 88% - 86% acetoniti-ile, 11.9% -13.8% water and 0.1% - 0.2% 
KNO3. After evaporation of solvent, the product was separated from excess K N O 3 by 
selective dissolution into hot acetonitrile containing a drop of water. This solution was 
concentrated and filtered into saturated aqueous KPFe to precipitate the product as the 
PFe salt, which was collected using the centrifuge and washed with water (51 mg, 
0.03 mmol, 62%). i H NMR (500MHz, CD3CN): 6 8.81 + 8.79 (2 overlapping d, 2H, 
7 = 1.7, Hg and Hg-), 8.74 + 8.70 (2 overlapping d, 2H, / = 8.2, H-i and H^'), 8.52 (t, 4H, 
7= 7.1, bpy-H3), 8.17 (td, I H , J = 8.0, 1.7, U^), 8.12 - 8.00 (m, 13H, H^, H^', H^, Hh', 
bpy-H4, ppy-H3 and H^ or H^'), 7.90 - 7.64 (m, 14H, H«', Hf, Hf, bpy-H^, ppy-H3', 
ppy-H4, ppy-H6 and H^ or H^'), 7.55 (ddd, I H , 7 = Z7, 5.5, 1.2, Hb), 7.46 - 7.37 (m, 5H, 
Hb' and bpy-HS), 7.11 - 7.01 (m, 4H, ppy-H^' and ppy-H^), 6.95 + 6.94 (2 overlapping td, 
2H, ppy-H5'), 6.32 + 6.30 (2 overlapping d, 2H, ppy-H6'). ES^ MS: m / z = 433.8 
[M-3PFe]3V3/ 723.1 [M - PF6]2V2. HR ES+ MS: m / z = 433.7631 measured, 433.7625 
calculated for [Ce8H5oNioi931rio2Ru]3+/3, 723.1278 measured, 723.1262 calculated for 
[Ce8H5oNioFe"31rPio2Ru]272. T L C (Si02, 2% K N O 3 (aq), 18% H2O, 80% CH3CN): 
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Rf = 0.60. 
[(ppy)2lr(bpy-^(fhbpy)Ru(bpy)2][PF6]3 [IH-^-Ru] 68 
3+ 
A Schlenk tube was charged with [lr(ppy)2(bpy-(t)-Br)][PF6] 37 (72 mg, 0.075 mmol), 
[Ru(bpy)2(bpy-(|)-B(OH)2)][PF6]2 57 (84 mg, 0.086 mmol), Na2C03 (26 mg in 100 j iL 
water, 0.25 nunol) and DMSO (8 mL). The solution was thoroughly degassed via 3 
freeze-pump-thaw cycles before adding Pd(PPh3)4 (10 mg, 0.009 mmol) under a 
positive pressure of nitiogen. The solution was stirred at 80 - 85°C for 96 h. After this 
time, the DMSO solution was diluted with acetonitiile (5mL) and filtered into 
saturated aqueous solution of KPFe. The orange precipitate was collected using a 
centiifuge and tiansferred in acetonitiile (144 mg). Purification was achieved via 
column chromatography (silica gel) using gradient elution from 100% acetonitiile to 
86% acetonitiile, 13.7% water and 0.3% KNO3. After evaporation of solvent, the 
desired product was separated from excess KNO3 by selective dissolution into hot 
acetonitiUe containing a drop of water. This solution was concentiated and filtered 
into saturated aqueous KPFe to precipitate the product as the PFe salt, which was 
collected using the centiifuge and washed with water (90 mg, 0.05 mmol, 667o). 
i H NMR (500 MHz, CD3CN): 8 8.82 - 8.78 (m, 2H, Hg and Hg), 8.76 - 8.69 (m, 2H, H^ 
and Hd), 8.52 (t, 4H, / = 7.8, bpy-H3), 8.17 (td, I H , / = 8.0, 1.4, H^), 8.12 - 7.95 (m, 17H, 
ppy-H3, H ^ He, Hh, Hh, Hi, Hi', He' and bpy-H"), 7.90 - 7.65 (m, I I H , ppy-Hs', ppy-H4, 
Hf, H^', He' and bpy-H*), 7.71 (dd, I H , / = 6.0, 1.9, H<), 7.68 and 7.67 (2 overlapping d, 
2H, ppy-H6), 7.54 (t, I H , / = 6.5, Hb), 7.45 - 7.38 (m, 5H, Ht and bpy-Hs), 7.10 - 7.03 (m, 
4H, ppy-H5 and ppy-H*'), 6.95 and 6.94 (2 overlapping t, 2H, / = 7.4, ppy-H^'), 6.32 and 
6.31 (2 overlapping d, 2H, ppy-H^'). ES+ MS: m / z = 459.1 [(M - 3PF6)3V3]. HR ES^ MS: 
-m/z - - 459.1060 measured, 459.1063 calculated for [C74H54Nioi93Irio2Ru]3Y3. G, H-&-N 
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analysis: 46.72% C, 2.92% H, 7.45% N measured, 46.74% C, 3.39% H, 7.37% N 
calculated for [C74H54Fi8NioP3lrRu]. 5 H2O. T L C (Si02, 2% KNO3 (aq), 18% H2O, 80% 
C H 3 C N ) : R f = 0.61. 
l(bpy)Ir[(ppy-^bpy)Ru(bpy)2]2][PF6]5 [[Ru-^h-lr] 69 
5+ 
A Schlenk tube was charged with [Ir(ppy-Br)2(bpy)][PF6] 46 (51 mg, 0.05 mmol), 
[Ru(bpy)2(bpy-(t)-B(OH)2)][PF6]2 57 (113 mg, 0.11 mmol), Na2C03 (34 mg in 200 pL H2O, 
0.32 mmol) and DMSO (10 mL). The solution was thoroughly degassed via 3 freeze-
pvunp-thaw cycles before adding Pd(PPh3)4 (8mg, 0.006 mmol) xmder a positive 
pressure of nitrogen. The solution was stirred at 80 - 85°C for 90 h, with additional 
catalyst (8 mg) being added after 65 h. The DMSO solution was diluted with 
acetonitrile (5 mL) and filtered into a saturated aqueous solution of KPFe. The 
resulting orange precipitate was collected using a centrifuge and tiansferred in 
acetonitrile (167 mg). Purification was achieved via coltunn chromatography (silica 
gel) using gradient elution from 100% acetonitiile to 78% acetonitiile, 21.5% water and 
0.5% KNO3. After evaporation of solvent, the desired product was separated from 
excess KNO3 by selective dissolution into hot acetorutiile containing a drop of water. 
This solution was concentiated and filtered into saturated aqueous KPFe to precipitate 
the product as the PFe salt, which was collected using the centrifuge and washed with 
water (42 mg, 0.016 mmol, 31%). ^H NMR (500 MHz, CD3CN): 8 8.78 (s, 2H, Hg-), 8.70 
(d72H, / = 8.3, Hd'), 8.57 (d, 2H, / = 8.0, Ir-bpy-H3), 8.55 - 8.48 (m, 8H, Ru-bpy-H3), 8.30 
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(d, 2H, ]= 8.0, Hd), 8.20 (s, 2H, Hg), 8.19 - 8.15 (m, 2H, Ir-bpy-H"), 8.12 - 8.01 (m, 12H, 
H^', lr-bpy-H6 and Ru-bpy-H4), 8.00 - 7.88 (m, lOH, H s Hh and H^'), 7.84 - 7.66 (m, 16H, 
H ^ Ha', He', Hf and Ru-bpy-H^), 7.54 (t, 2H, / = 6.1, Ir-bpy-H^), 7.46 - 7.37 (m, lOH, Hb' 
and Ru-bpy-H5), 7.34 (d, 2H, / = 7.5, Hf), 7.12 (t, 2H, / = 6.4, H^), 6.46 (d, 2H, / = 7.9, He). 
ES* MS: m / z = 389.2 [M - 5PFe]5V5, 522.7 [M - 4PFe]4V4, 648.6 [M - 5PFe + 2e-]3V3. 
H R ES+ MS: m / z = 522.5945 measured, 522.5944 calculated for 
[Cio4H7eNieF6i93IrPio2Ru]4Y4. Q H & N analysis: 44.83% C , 2.80% H and 7.82% N 
measured, 45.13% C, 3.17% H and 8.10% N calculated for 
[Cio4H76F3oIrNi6P5Ru].5.5H20. T L C (SiOz, 2% KNO3 (aq), 18% H2O, 80% CH3CN): 
Rf = 0.34. 
[(bpy)Ir[(ppy-</y-bpy)Ru(ppy-F2)2]2][PF6h [[Ir^Hh-lr] 70 
3+ 
A Schlenk tube was charged with [Ir(ppy-Br)2(bpy)][PF6] 46 (40 mg, 0.042 mmol), 
[Ir(ppy-F2)2(bpy-(t)-B(OH)2)][PF6] 61 (124 mg, 0.125 mmol), Na2C03 (27 mg in 200 ^ L 
H2O, 0.25 mmol) and DMSO (10 mL). The solution was thoroughly degassed via 3 
freeze-piunp-thaw cycles before adding Pd(PPh3)4 (6 mg, 0.005 mmol) under a positive 
pressure of nitrogen. The solution was stirred at 80 - 85°C for 48 h. After this time, the 
DMSO solution was diluted with acetorutrile (6 mL) and filtered into saturated 
aqueous solution of KPFe. The precipitate was collected using a centiifuge, washed 
with water and tiansferred in acetonitiile. Purification was achieved via column 
chromatography (silica gel) using gradient elution from 100% acetonitiile to 94% 
acetonitiile, 5.9% water and 0.1% KNO3. After evaporation of solvent, the desired 
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product was separated from excess KNO3 by selective dissolution into hot acetonitrile 
containing a drop of water. This solution was concentrated and filtered into saturated 
aqueous KPFe to precipitate the product as the PFe salt, which was collected using the 
centrifuge and washed with water. This product was re-columned (sUica gel) using 
gradient elution from 100% D C M to 90% D C M and 10% methanol (23 mg, 0.009 mmol, 
20%). m N M R (500 M H z , d^-acetone): 8 9.22 (d, 2H, / = 1.4, He"), 9.16 (d, 2H, / = 8.2, 
Hd'), 8.90 (d, 2H, / = 8.3, bpy-H3), 8.54 (d, 2H, / = 8.2, H^), 8.44 - 8.32 (m, lOH, H^', Hs, 
bpy-H4 and ppy-H3), 8.25 + 8.24 (2 overlapping d, 4H, H«' and bpy-H^), 8.20 (d, 2H, 
/ = 5.9, He'), 8.15 - 7.94 (m, 22H, H ^ H^, W, H\ H^', ppy-H^ and ppy-H^), 7.78 + 7.75 
(2 overlapping t, 4H, / = 6.4, H^' and bpy-Hs), 7.40 (dd, 2H, ] = 8.0, 1.7, Hf) , 7.30 - 7.21 
(m, 6H, Hb and ppy-Hs), 6.84 - 6.74 (m, 4H, ppy-H^'), 6.56 (d, 2H, / = 8.0, H^), 5.83 + 5.81 
(2 overlapping dd, 4H, ppy-H^'). ES^ MS: m / z = 753.9 [ M - 3PF6]3V3, 1203.9 
[M-2PF6]2V2. HR ES+ MS: m / z = 752.47908 measured, 752.47879 calculated for 
[Cio8H68Ni2F8i9iIr3]3V3, 1201.20010 measured, 1201.20056 calculated for 
[Cio8H68Ni2Fi4"ilr3P]2V2. TLC {SiOi, 2% KN03(aq), 18% H2O, 80% CH3CN): Rf = 0.60. 
[(tpy)Ir(tpy-^^bpy)Ru(bpy)2][PF6]5 ['pylr-(t)-(t)-Rubpy] 71 
5+ 
A Schlenk tube was charged with [lr(tpy)(tpy-(j)-Br)][PF6]3 65 (73 mg, 0.058 mmol), 
[Ru(bpy)2(bpy-(t)-B(OH)2)][PF6]2 57 (75 mg, 0.077 mmol), Na2C03 (19 mg in 100 | i L 
water, 0.17 mmol) and DMSO (10 mL). The solution was thoroughly degassed via 3 
freeze-pump-thaw cycles before adding Pd(PPh3)4 (4 mg, 0.004 mmol) imder a positive 
pressure of nitrogen. The solution was stirred at 80 - 85°C for 75h. After this time, the 
DMSO solution was diluted with acetonitrile (8mL) and filtered into saturated 
aqueous solution of KPFe. The precipitate was collected using a centrifuge and 
transferred in acetonitrile (117 mg). Purification was achieved via column 
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chromatography (siUca gel) using gradient elution f r o m 100% acetonitrile to 62% 
acetonitrile, 36% water and 2% KNO3. After evaporation of solvent, the desired 
product was separated f r o m excess KNO3 by selective dissolution into hot acetonitrile 
containing a drop of water. This solution was concentrated and filtered into saturated 
aqueous KPFe to precipitate the product as the PFe salt, which was collected using the 
centrifuge and washed w i t h water (17 mg, 0.008 mmol , 14%). i H N M R (500 MHz, 
CD3CN): 8 9.14 (s, 2H, Hg), 8.89 - 8.83 (m, 3H, Hs' and tpy-W), 8.80 - 8.72 (m, 4H, Hd', 
Hd and tpy-H*'), 8.60 (d, 2H, / = 8.3, tpy-W), 8.54 and 8.52 (2 overlapping d, 4H, / = 8.8, 
bpy-H3), 8.37 (d, 2H, / = 8.1, H^), 8.27 - 8.17 (m, 6H, Hs H* and tpy-H*), 8.14 - 8.05 (m, 
9H, Hc, Hi', Hh' and bpy-H*), 7.86 - 7.73 (m, 7H, H^', H^', H f and bpy-H*), 7.71 (d, 2H, 
/ = 5.6, H« or tpy -H6) , 7.60 (d, 2H, / = 5.6, H« or tpy-H^), 7.53 - 7.47 (m, 4H, Ht and 
tpy-H5), 7.47 - 7.40 (m, 5H, Hb' and bpy-Hs). ES+ MS: m / z = 275.9 [ M - 5PF6]5V5, 344.6 
[ M - 5PF6 - H i 4 7 4 , 459.4 [ M - 5PF6 - 2H+]3V3, 556.4 [ M - 3PF6]3V3. HR ES^ MS: m / z 
= 344.5758 measured, 344.5751 calculated for [C72H5iNi2io2Ru"3Ir]4V4. 
[(tpy)Ru(tpy-(f>-(p-bpy)Ir(ppi/)2][PF6]3 ['pyRu-(l)-(t)-lrPpy] 72 
3+ 
A Schlenk tube was charged w i t h [Ru(tpy)(tpy-(t)-Br)][PF6]2 66 (51 mg, 0.050 mmol), 
[Ir(ppy)2(bpy-(t)-B(OH)2)][PF6] 59 (92 mg, 0.10 mmol), Na2C03 (16 mg in 200 \iL water, 
0.15 mmol) and DMSO (10 mL) . The solution was thoroughly degassed via 3 freeze-
pump-thaw cycles before adding Pd(PPh3)4 (4mg, 0.003 mmol) under a positive 
pressure of nitrogen. The solution was stirred at 80 - 85°C for 22 h. After this time, the 
DMSO solution was diluted w i t h acetonitrile (6mL) and filtered into saturated 
aqueous solution of KPFe. The precipitate was collected using a centrifuge and 
tiansferred i n acetonitiile (128 mg). Purification was achieved via column 
chromatography (silica gel) using gradient elution f r o m 100% acetonitrile-to-88% 
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acetonitrile, 11.8% water and 0.2% KNO3. After evaporation of solvent, the desired 
product was separated f rom excess KNO3 by selective dissolution into hot acetonitrile 
containing a drop of water. This solution was concentrated and filtered into saturated 
aqueous KF¥e to precipitate the product as the PFe salt, which was collected using the 
centrifuge and washed w i t h water (42 mg, 0.02 mmol , 46%). i R N M R (500 MHz, 
CD3CN): 8 9.06 (s, 2H, Hf and Hs), 8.85 (d, I H , J = 1.5, H^), 8.79 - 8.74 (m, 3H, H^' and 
tpy-H3'), 8.67 (d, 2H, ] = 8.1, Rd), 8.50 (d, 2H, / = 8.2, tpy -H3) , 8.42 (t, I H , / = 8.2, 
tpy-H4'), 8.35 (d, 2H, / = 8.5, Rh), 8.19 (td, I R , / = 7.8, 1.5, Rc), 8.16 - 8.01 (m, lOR, 
ppy-R3, R^', Re', Rh', R i and R*'), 7.98 - 7.82 (m, 9R, R^, Rf , tpy-R*, ppy-R" and ppy-R3' 
or ppy -R6) , 7.73 - 7.67 (m, 2R, ppy-R3' or ppy-R^), 7.56 (t, I R , / = 6.5, Rb'), 7.43 (d, 2R, 
J= 5.6, R« or tpy -R6) , 7.36 (d, 2R, / = 5.6, R^ or tpy-R*), 7.21 - 7.15 (m, 4R, Rb and 
tpy -R5) , 7.11 - 7.05 (m, 4R, ppy-R4' and ppy-Rs), 6.99 - 6.93 (m, 2R, ppy-R^'), 6.34 and 
6.32 (2 overlapping d, 2R, ppy-R^'). ES^ MS: m / z = 458.4 [ (M - 3PF6)3V3], 760.1 
[(M-2PF6)2V2]. RR ES^ MS: m / z = 458.43586 measured, 458.43443 calculated for 
[C74R52Nio"3irio2Ru]3Y3, 760.13808 measured, 760.13401 calculated for 
[C74R52NioF6"3lrPio2Ru]2V2. C, R & N analysis: 47.16% C, 2.84% R and 7.19% N 
measured, 47.47% C, 3.18% R and 7.48% N calculated for 
[C74R52Fi8lrNioP3Ru].3.5R20. TLC {SiOi, 2% KNO3 (aq), 18% R2O, 80% CH3CN): 
Rf = 0.55. 
[(ppy-Br)2lr(bpy-^bpy)Ru(bpy)2][PF6]3 [IrBr2-,^-Ru] 73 
A solution of [(ppy)2lr(bpy-(j)-bpy)Ru(bpy)2][PF6]3 67 (20 mg, 0.012 mmol) and 
N-bromosuccinimide (5mg, 0.025 mmol) i n CR3CN (5mL) was stirred at room 
temperature overnight. Having concentrated the solution xmder reduced pressure 
(~ 1 mL), i t was added dropwise to a saturated aqueous solution of KPFe. The 
resulting precipitate was collected using a centrifuge and washed w i t h water (16 mg. 
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0.009 mmol , 75%). i H N M R (500 M H z , CD3CN): 8 8.82 - 8.78 (m, 2H, Hg and Hg-), 8.74 
+ 8.71 (2 overlapping d, 2H, J = 8.0, and Rd'), 8.52 (t, 4H, / = 7.2, bpy-H^), 8.19 (t, I H , 
/ = 7.9, H^), 8.14 - 7.98 (m, 15H, H^ H\ H^', bpy-H*, ppy-H3, ppy-H3' and or H" '^), 
7.90 (t, 2H, / = 7.9, ppy-H"), 7.85 - 7.69 (m, 8H, H«', Rf, R f , bpy-R^ and H' ' or H^')' 
7.67 + 7.65 (2 overlapping d, 2R, ppy-R*), 7.56 (t, I R , / = 6.6, Rt) , 7.47 - 7.36 (m, 5R, R^' 
and bpy -R5) , 7.14 - 7.04 (m, 4R, ppy-Rs and ppy-H^'), 6.21 - 6.17 (2 overlapping d, 2R, 
ppy-H6'). ES^ MS: m / z = 486.3 [ M - SPFsJ^VS, 801.9 [ M - TPTe]^^/!. RR ES^ MS: m / z 
= 485.03561 measured, 485.03544 calculated for [C68R48Nio79Br2i«Irio2Ru]373, 801.03604 
measured, 801.03669 calculated for [C68H48Nio79Br2F6i93IrPio2Ru]2V2. 
[(pjn/-Br)2lr(bp]/-<p-(^bpy)Ru(bpy)2][PF6]3 [lrBr2-,t,.,j,-Ru] 74 
3+ 
A solution of [(ppy)2lr(bpy-<t)-(t)-bpy)Ru(bpy)2][PF6]3 68 (18mg, 0.010 mmol) and 
N-bromosuccinimide (4mg, 0.022 mmol) i n CR3CN (4mL) was stirred at room 
temperature overnight. Raving concentrated the solution under reduced pressure, i t 
was added dropwise to an aqueous solution of saturated KPFa. The resulting 
precipitate was collected using a centrifuge and washed w i t h water (21mg, quantitative 
yield). ^R N M R (400 M R z , CD3CN): 8 8.81 and 8.80 (2 overlapping d, 2R, Rg and Rg), 
8.75 and 8.72 (2 overlapping d, 2R, Rd and Rd'), 8.52 (t, 4R, / = 6.8, bpy-R3), 8.19 (td, 
I H , / = 7.9, 1.5, H^), 8.15 - 7.95 (m, 19R, ppy-R3, ppy-Rs', R^, Re, Rh, Rh, Ri , Ri', Re and 
bpy-H"), 7.90 and 7.85 (2 overlapping td, 2R, / = 7.9,1.4, ppy-H^), 7.85 - 7.74 (m, 7R, H ' , 
R«', Re, and bpy-H^), 7.71 (dd, I H , / = 6.0, 1.8, H<), 7.68 and 7.66 (2 overlapping d, 2H, 
/ = 6.7, ppy-H6), 7.55 (ddd, I R , / = 76, 5.4, 1.0, H"), 7.46 - 7.39 (m, 5R, Rb' and bpy-Rs), 
7.15 - 7.02 (m, 4R, ppy-Rs and ppy-H^'), 6.22 - 6.17 (2 overlapping d, 2R, ppy-R^'). ES^ 
MS: m / z = 511.8 [ M - 3PF6]3V3. HR ES^ MS: m / z = 511.0464 measured, 511.0472 
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calculated for [C74H52Nio79Br2io2Rui93Ir ]3V3. 
[[(ppy)2/rfbpy-(Z^ppy)j2Jr(b/^-ff%)Ru(bpy)2]fPF6]5[[Ir-(t)]2-lr-(|)-(t)-Ru]75 
A Schlenk tube was charged w i t h [(ppy-Br)2lr(bpy-(j)-(t)-bpy)Ru(bpy)2][PF6]3 74 (70 mg, 
0.035 mmol), [Ir(ppy)2(bpy-(|)-B(OH)2)][PF6] 59 (75 mg, 0.078 mmol) , Na2C03 (22 mg in 
200 pL water, 0.21 mmol) and DMSO (8 mL). The solution was thoroughly degassed 
via 3 freeze-pump-thaw cycles before adding Pd(PPh3)4 (5 mg, 0.004 mmol) under a 
positive pressure of nitrogen. The solution was stirred at 80 - 85°C for 44 h. After this 
time, the DMSO solution was diluted w i t h acetonitrile (5 mL) and filtered into 
saturated aqueous solution of KPFe. The precipitate was collected using a centiifuge. 
Purification was achieved via column chromatography (silica gel) using gradient 
elution f r o m 100% acetonitirile to 88% acetonifa-ile, 11.8% water and 0.2% KNO3. After 
evaporation of solvent, the desired product was separated f r o m excess KNO3 by 
selective dissolution into hot acetonitrile containing a drop of water. This solution was 
concentiated and filtered into saturated aqueous KPFe to precipitate the product as the 
PF6 salt, which was collected using the centiifuge and washed w i t h water (64 mg, 
0.018 mmol , 51%). i H N M R (500 M H z , CD3CN): 6 8.88 - 8.70 (m, 8H, HD, HG, H^, Hg, 
Hd' and Hg"), 8.53 and 8.52 (2 d, 4H, / = 7.5, bpy-H3), 8.33 and 8.31 (2 d, 2H, / = 8.2, HD ) , 
8.26 - 7.90 (m, 38H, ppy-H3, bpy-H^, HA, H ^ Hc, H c , H^, H^', W, W, H c , HH, H^, H H ' , 
Hh', Hi and Hi ), 7.89 - 7.74 (m, 19H, ppy-H3', p p y - H ^ bpy-H^, HA', H«', HE, He, He ), 7.72 
(dd, I H , / = 6.1, 1.9, W), 7.68 and 7.67 (2 d, 4H, / = 5.7, ppy-H^), 7.58 (t, I H , / = 6.5, H^), 
7.53 (t, 2H, / = 6.5, HB), 7.46 - 7.40 (m, 5H, bpy-Hs and W>'), 7.37 and 7.36 (2 dd, 2H, 
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/ = 7.8, 1.9, W), 7.16 and 7.15 (2 overlapping td, 2H, H"'), 7.09 - 7.02 (m, 8H, ppy-H"' 
and ppy-H5), 6.94 (2 overlapping ddd, 4H, ppy-Hs'), 6.50 and 6.49 (2 d, 2H, / = 7.7, HE'), 
6.31 (d, 4H, / = 7.7, ppy-H6'). ES^ MS: m / z = 567.7 [ M - 5PF6]5V5/ 745.6 [ M - 4PF6]''V4, 
1042.67 [ M - 3PF6]3V3. HR ES^ MS: m / z = 565.53334 measured, 565.53429 calculated 
for [Ci5oHio6Ni8i«lr396Ru]5V5. TLC ( S I 0 2 , 2% KNO3 (aq), 18% H 2 O , 80% CH3CN): 
Rf = 0.58. 
[[(ppy-F)2lr(bpy-^ppy)]2lr(bpy-f(f>-bpy)Ru(bpy)2][PF6]5[[lr^^^^^ 76 
5+ 
L F 1 1 3 ^ •IS 
1 T 6 
R 
A Schlenk tube was charged w i t h [(ppy-Br)2lr(bpy-(t)-(t)-bpy)Ru(bpy)2][PF6]3 74 (108 mg, 
0.054 mmol), [lr(ppy-F)2(bpy-(l)-B(OH)2)][PF6] 60 (123 mg, 0.12 mmol) , Na2C03 (35 mg 
in 250 j i L water, 0.33 mmol) and DMSO (12 mL). The solution was thoroughly 
degassed via 3 freeze-pump-thaw cycles before adding Pd(PPh3)4 (8 mg, 0.007 mmol) 
under a positive pressure of nitrogen. The solution was stirred at 80 - 85°C for 24 h. 
After this time, the DMSO solution was diluted w i t h acetonitrile (8 mL) and filtered 
into saturated aqueous solution of KPFe. The precipitate was collected using a 
centrifuge and washed w i t h water, Purification was achieved via column 
chromatography (silica gel) using gradient elution f r o m 100% acetonitrile to 88% 
acetonitrile, 11.8% water and 0.2% KNO3. After evaporation of solvent, the desired 
product was separated f r o m excess KNO3 by selective dissolution into hot acetonitrile 
contcuning a drop of water. This solution was concentrated and filtered into saturated 
aqueous KPFe to precipitate the product as the PFe salt, which was collected using the 
centrifuge and washed w i t h water (80 mg, 0.0022 mmol , 41%). i H N M R (500_MHz,_ 
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CD3CN): 8 8.88 - 8.69 (m, 8H, Rd, Rg, Rd', Rg-, R D and RG), 8.53 and 8.51 (2 d, 4R, 
/ = 7.2, bpy -R3) , 8.33 and 8.31 (2 d, 2H, / = 7.7, R D ), 8.25 - 8.15 (m, 5R, Rc, RC and R^), 
8.14 - 7.80 (m, 45R, ppyF-R3, ppyF-Rs', ppyF-R4, bpy-R*, R A , Ra, Rc , H^', H E , R ^ R^', 
RF, Rf, Ri , Ri' , RH, RH', Hh, Rh ), 7.80 - 7.73 (m, 7H, RA' , Ra' and bpy-R*), 7.71 (dd, I R , 
/ = 6.0, 2.0, R f ) , 7.64 and 7.62 (2 d, 4R, / = 6.6, ppyF-R^), 7.59 - 7.53 (m, 3R, RB and Rb), 
7.46 - 7.39 (m, 5R, bpy-Rs and Rb), 7.38 - 7.34 (m, 2R, RF'), 7.16 and 7.14 (2 td, 2R, 
7=6.0, 1.6, RB'), 7.09 - 7.03 ( 2 overlapping td, 4R, ppyF-Rs), 6.88 - 6.82 (m, 4R, 
ppyF-R4'), 6.50 and 6.48 (2 d, 2R, / = 7.9, RE'), 5.93 - 5.89 (m, 4R, ppyF-Rs). I 'F N M R 
(400 MRz , C D 3 C N ) : 8 -73.3 (d, JP-F = 74S, PFe), -111.4 - -111.5 (m, C-F). ES* MS: 
m / z = 582.1 [ M - 5PF6]5V5, 763.9 [ M - 4PF6]4V4. RR ES^ MS: m / z = 579.92691 
measured, 579.92675 calculated for [Ci5oRio2Ni8F4i9ilr396Ru]575. TLC (Si02, 2% KNO3 
(aq), 18% R2O, 80% CR3CN): Rf = 0.58. 
[[(ppy-F2)2lr(bpy-fppy)]2lr(bpy-^-^-bpy)Ru(bpy)2][PF6]5[lr^^^^^ 
5+ 
A Schlenk tube was charged w i t h [(ppy-Br)2lr(bpy-(|)-(t)-bpy)Ru(bpy)2][PF6]3 74 (17 mg, 
0.0086 mmol), [lr(ppy-F2)2(bpy-(|)-B(OR)2)][PF6] 61 (25 mg, 0.025 mmol) , NazTO (5mg 
in 100 pL water, 0.050 iiunol) and DMSO (5mL). The solution was thoroughly 
degassed via 3 freeze-ptunp-thaw cycles before adding Pd(PPh3)4 (2 mg, 0.0017 mmol) 
under a positive pressure of nitrogen. The solution was stirred at 80 - 85°C for 72 h. 
After this time, the DMSO solution was diluted w i t h acetonitrile (3 mL) and filtered 
into saturated aqueous solution of KPFe. The precipitate was collected using a 
centrifuge (35 mg). Purification was achieved via coliunn chromatography (siUca gel) 
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using gradient elution f rom 100% acetonitrile to 88% acetonitrile, 11.8% water and 0.2% 
KNO3. After evaporation of solvent, the desired product was separated f r o m excess 
KNO3 by selective dissolution into hot acetonitiUe containing a drop of water. This 
solution was concentrated and filtered into saturated aqueous KPFe to precipitate the 
product as the PFe salt, which was collected using the centrifuge and washed w i t h 
water (13 mg, 0.0035 mmol, 41%). i R N M R (500 M H z , CD3CN): 8 8.87 - 8.69 (m, 8R, 
RD, R G , Rd, Hg, Rd'and Rg), 8.52 (t, 4H, / = Z4, bpy-Rs), 8.37 - 8.30 (m, 4H, ppyF-R3), 
8.25 - 8.17 (m, 4R, Rc and R D ) , 8.15 - 7.89 (m, 35R, ppyF-H4, R A , R E , H H , R C , R G ' , R H , 
H^ He, Re, Rh, Hi , Re', Rh', R i and bpy-H"), 7.87 - 7.64 (m, 15R, ppyF-Rs, Ra', RA', Re', 
Rf, RF and bpy-H^), 7.60 - 7.54 (m, 3H, H " and RB) , 7.45 - 7.34 (m, 7H, Rb, W' and 
bpy-Rs), 7.19 - 7.06 (m, 7H, ppyF-Rs, RB' and W), 6.77 - 6.68 (m, 4H, ppyF-H" ), 6.50 
and 6.49 (2 overlapping d, 2R, RE ), 5.76 (d, 4H, / = 8.5, ppyF-H^'). "F N M R (200 MRz, 
CD3CN): 8 -73.28 (d, 30R, ]P-F = 707.3, PFe), -108.54 - -108.76 (m, 4R, ppy-ps), -110.51 (t, 
4H, / = 11.3, ppy-F3'). ES+ MS: m / z = 596.2 [ M - SPFgjsVS, 745.3 [ M - 5PF6+ e-]4V4, 
781.7 [ M - 4PF6]4V4, 1091.0 [ M - 3PF6]3V3. RR ES+ MS: m / z = 782.1417 measured, 
782.1411 calculated [Ci5oH98Ni8Fi4"3Ir3Pio2Ru]4V4. C, R & N analysis: 48.67% C, 2.91% 
H , 6.74% N measured, 48.60% C, 2.66% R, 6.80% N calculated for 
[Ci5oH98Ni8F38"3ir3P5io2Ru]. TLC (SiOz, 2% K N O 3 (aq), 18% H2O, 80% C R 3 C N ) : 
Rf = 0.58. 
[[(pba)2Rh(bpy-^ppy)]2lr(bp]/-(^bpy)Ru(bfnf)2]lPF6]5 [[Rh-(|)]2-Ir-(|)-Ru] 78 
5+ 
A SchlerJ< tube was charged w i t h [(ppy-Br)2lr(bpy-(t)-bpy)Ru(bpy)2][PF6]3 73 (18 mg, 
0.0095 mmol), [Rh(pba)2(bpy-(t)-B(OH)2)] [PFe] 62 (21 mg, 0.024 mmol) , Na2C03 (6 mg i n 
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100 | i L water, 0.057 mmol) and DMSO (8 mL). The solution was thoroughly degassed 
via 3 freeze-pump-thaw cycles before adding Pd(PPh3)4 (2 mg, 0.0017 mmol) under a 
positive pressure of nitiogen. The solution was stirred at 80 - 85°C for 20 h. After this 
time, the DMSO solution was diluted w i t h acetonitiile (4mL) and filtered into 
saturated aqueous solution of K P F 6 . The precipitate was collected using a centiifuge 
(35 mg). Purification was achieved via column chromatography (silica gel) using 
gradient elution f r o m 100% acetonitiile to 84% acetonitiile, 15.8% water and 0.2% 
KNO3. After evaporation of solvent, the desired product was separated f r o m excess 
KNO3 by selective dissolution into hot acetonitiile containing a drop of water. This 
solution was concentiated and filtered into saturated aqueous KPFe to precipitate the 
product as the PFe salt, which was collected using the centiifuge and washed w i t h 
water (12 mg, 0.0035 mmol, 37%). i H N M R (500 M H z , CD3CN): 6 9.74 (2 s, 4H, CHO), 
8.87 - 8.69 (m, 8H, H ^ H G , H ^ Hg, H^' and Hg'), 8.53 and 8.51 (2 d, 4H, / = 7.8, bpy-H3), 
8.33 and 8.31 (2 d, 2H, / = 7.4, H D ) , 8.28 - 8.17 (m, 9H, ppyCHO-H3, H^, Hc and H ^ ) , 
8.14 - 8.02 (m, 21H, bpy-H*, ppyCHO-H3', ppyCHO-H^, H A , H ^ , H ^ , H ^ , Hh and Hh'), 
8.01 - 7.89 (m, 12H, HC, He, H H H H ' ) , 7.85 (dd, I H , / = 5.9, 2.7, H% 7.83 - 7.70 (m, 15H, 
ppyCHO-H6, bpy-H6, H A ' , H ^ ' , H^ ' , H f and W), 7.65 and 7.64 (2 dd, 4H, / = 8.0, 1.6, 
ppyCHO-H4'), 7.58 (ddd, I H , / = 74, 5.7, 1.0, H"), 7.53 (ddd, 2H, / = 7.6, 5.5, 0.9, H% 
7.46 - 7.39 (m, 5H, bpy-H^ and H^'), 7.37 and 7.35 (2 overlapping dd, 4H, W), 7.26 and 
7.24 (2 overlapping td, 4H, ppyCHO-Hs), 7.15 and 7.14 (2 overlapping td, 2H, H B ), 6.79 
(s, 4 H , ppyCHO-H6'), 6.50 and 6.48 (2 d, 2H, / = 7.5, HE') . ES+ MS: m / z = 539.2 
[ M - 5PF6]5V5, 710.2 [ M - 4PF6]4V4, 995.3 [ M - 3PF6]3V3. HR ES^ MS: m / z = 537.50193 
measured, 537.50192 calculated for [Ci48Hi02O4Ni8i9iIri03Rh296Ru]5V5. TLC ( S I 0 2 , 2% 
K N O 3 (aq), 18% H 2 O , 80% C H 3 C N ) : Rf = 0.55. 
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[[(ppy-Br)2lr(bpy-<f^ppy)]2lr(bpy-<p-ip-bpy)Ru(bpy)2][PF6]5 [lrBr2-(t,]2-Ir-(|)-(|)-Ru 79 
15+ 
A solution of [[(ppy)2lr(bpy-(j)-ppy)]2lr(bpy-(t)-<t)-bpy)Ru(bpy)2][PF6]5 75 (31 mg, 
0.009 mmol) and N-bromosuccinimide (7 mg, 0.04 mmol) i n C R 3 C N (4 mL) was stirred 
at room temperature for 38 h. Raving concentrated the solution under reduced 
pressure (~ 1 mL), i t was added dropwise to a saturated aqueous solution of KPFe. The 
resulting precipitate was collected using a centrifuge and washed w i t h water (36 mg, 
0.009 mmol, 100%). m N M R (500 MRz, C D 3 C N ) : 8 8.88 - 8.69 (m, 8R, R D , R G Rd, Hg, 
Rd' and Rg-), 8.53 and 8.51 (2 d, 4R, / = 7.5, bpy-R3), 8.33 and 8.31 (2 d, 2R, ] = 8.6, R D ' ) , 
8.25 - 7.85 (m, 46R, ppy-R3, ppy-R3', ppy-R", bpy -R4, R A , Ra, Hc, R c , Rc, H-^', W, W, 
RG', R H Hh, R H ' , Rh', H i and Ri'), 7.84 - 7.74 (m, I I R , bpy -R6, R A ' , Ra', H E . Re, Re'), 7.71 
(dd, I R , ] = 6.1, 1.9, R f ) , 7.67 and 7.65 (2 d, 4R, / = 6.3, ppy-H*), 7.59 - 7.51 (m, 3R, R B 
and Rb), 7.45-7.39 (m, 5R, bpy-Rs and Rb ), 7.37 - 7.33 (m, 2R, W), 7.16 and 7.15 (2 
overlapping td, 2R, R B ), 7.12 - 7.03 (m, 8R, ppy-Rs and ppy-R^'), 6.50 and 6.49 (2 d, 
2R, / = 7.5, RE'), 6.18 (d, 4R, / = 8.2, ppy-R^'). ES^ MS; m / z = 630.8 [ M - 5PF6]5V5. RR 
ES+ MS: m / z = 630.26342 measured, 630.26345 calculated for 
[Cl50Rl02Nl879Br4l93Ir3lO2Ru]5V5. 
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[[[(m-p2)2lr(bpy-</hppy)]2lr(bpy-(/>-ppy)]2lr(bpy-ffbpy)Ru^^ 
[[[IrF2.(|,]2-lr-(t)]2-Ir-(t)-(t)-Ru] 80 
9+ 
A Schlenk tube was charged wi th [[(ppy-Br)2lr(bpy-(t)-ppy)]2lr(bpy-(j)-(t)-
bpy)Ru(bpy)2][PF6]5 79 (35 mg, 0.009 mmol), [Ir(ppy-F2)2(bpy-(t)-B(OH)2)][PF6] 61 
(42 mg, 0.041 mmol), Na2C03 (12 mg in 100 | i L water, 0.11 mmol) and DMSO (8 mL). 
The solution was thoroughly degassed via 3 freeze-ptunp-thaw cycles before adding 
Pd(PPh3)4 (3 mg, 0.002 mmol) under a positive pressure of nitrogen. The solution was 
stirred at 80 - 85°C for 22 h. After this time, tiie DMSO solution was diluted wi th 
acetonitiile (5mL) and filtered into saturated aqueous solution of KPFe. The 
precipitate was collected using a centiifuge. Purification was achieved via column 
chromatography (silica gel) using gradient elution f r o m 100% acetorutrile to 80% 
acetonitrile, 19.5% water and 0.5% KNO3. After evaporation of solvent, the desired 
product was separated f rom excess KNO3 by selective dissolution into hot acetonitiile 
containing a drop of water. This solution was concentiated and filtered into saturated 
aqueous KPFe to precipitate the product as the PFe salt, which was collected using the 
centiifuge and washed w i t h water (28 mg, 0.0038 mmol , 42%). i H N M R (500 MHz, 
193 
CDjCN): 8 8.87 - 8.69 (m, 16R, R 3 and H3' on aU bpy-0 units), 8.53 + 8.51 (2 d, 4H, 
bpy-H3), 8.38 - 8.28 (m, 14R), 8.25 - 8.17 (m, 14R, includes ppy-H3'), 8.14 (m, 63H, 
includes ppyF-R* and ppy-H*), 7.87 - 7.65 (m, 28R, includes ppyF-Rs and ppy-H*), 7.60 
- 7.54 (m, 7R), 7.46 - 7.32 (m, I I R , includes ppy-H^'), 7.19 - 7.04 (m, 15R, includes 
ppyF-Rs and ppy-H^), 6.76 - 6.68 (m, 8H, ppyF-H*'), 6.52 - 6.46 (m, 6H, ppy-H^'), 5.76 
(d, 8R, / = 8.3, ppyF-R6'). "F N M R (200 MRz , CD3CN): 8 -73.3 (d, JP-F = 753, PFe), -108.6 
- -108.7 (m, ppy-F5'), -110.5 - -110.6 (m, ppy-ps'). ES+ MS: m / z = 672.4 [ M - 9PF6]9V9, 
774.5 [ M - 8PF6]8V8, 905.6 [ M - 7PF6]7V7, 1080.9 [ M - 6PF6]6V6. HR ES^ MS: 
m / z = 672.3603 measured, 672.3603 calculated for [C302Ri94N34Fi6"3Ir7ioiRu]9V9, 
774.4009 measured, 774.4008 calculated for [C302Ri94N34F22P"3ir7iooRu]8+/8, 905.4529 
measured, 905.4530 calculated for [C302Hi94N34F28P2i^Ir7"iRu]7V7. TLC (Si02, 2% 
KNO3 (aq), 18% R2O, 80% CR3CN): Rf = 0.58. 
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Appendix D: Crystal Structure Data for bpy-({)-py 12 
Table 1. Crystal data and structure refinement for 03srv085. 
Identification code 03srv085 
Empirical formula C22H16C13 N3 
Formula weight 428.73 
Temperature 120(2)K 
Wavelength 0.71073 A 
Crystal system Monoclinic 
Space group P2(l)/c 
Unit cell dimensions a =5.7089(2) A a= 90°. 
b = 37.1368(12) A P= 105.0740(10)° 
c = 9.7250(3) A Y = = 90°. 
Volume 1990.85(11) 
Z 4 
Density (calculated) 1.430 Mg/m3 
Absorption coefficient 0.473 mm-1 
F(OOO) 880 
Crystal size 0.16x0.14x0.06 mm^ 
Theta range for data collection 2.72 to 26.74°. 
Index ranges -7<=h<=7, -47<=k<=41, -12<= 1<=12 
Reflections collected 14074 
Independent reflections 3922 [R(int) = 0.0539] 
Completeness to theta = 26.74° 92.6 % 
Absorption correction Integration 
Max. and min. transmission 0.9722 and 0.9281 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3922/21 /340 
Goodness-of-fit on 1.215 
Final R indices [I>2sigma(I)] R l =0.0863, wR2 = 0.1480 
R indices (all data) R l =0.1222, wR2 = 0.1608 
Extinction coefficient 0 
Largest diff. peak and hole 0.285 and -0.404 e.A'^ 
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Table 2. Atomic coordinates (x 10^) and equivalent isotropic displacement parameters (A^x 
10^) for 03srv085. U(eq) is defined as one third of the trace of the orthogonalized UU tensor. 
U(eq) 
N(l) 11090(6) 4271(1) -696(4) 38(1) 
N(2) -1685(5) 2079(1) 1267(3) 25(1) 
N(3) 1536(6) 1555(1) -780(3) 29(1) 
C(l) 9439(8) 4329(1) 38(5) 39(1) 
C(2) 7835(7) 4074(1) 249(4) 30(1) 
C(3) 7890(6) 3729(1) -299(4) 22(1) 
C(4) 9545(7) 3667(1) -1104(4) 27(1) 
C(5) 11069(7) 3943(1) -1267(4) 32(1) 
C(6) 6248(6) 3440(1) -45(3) 20(1) 
C(7) 5569(6) 3428(1) 1230(4) 22(1) 
C(8) 4052(7) 3162(1) 1491(4) 22(1) 
C(9) 3139(6) 2898(1) 477(3) 19(1) 
C(10) 3836(6) 2907(1) -808(3) 20(1) 
C ( l l ) 5354(6) 3174(1) -1057(4) 22(1) 
C(12) 1488(6) 2614(1) 748(3) 20(1) 
C(13) -190(6) 2687(1) 1537(3) 23(1) 
C(14) -1677(7) 2413(1) 1770(4) 24(1) 
C(15) -80(6) 2006(1) 498(3) 21(1) 
C(16) 1522(6) 2264(1) 238(3) 21(1) 
C(17) -88(6) 1633(1) -39(3) 24(1) 
C(18) -1715(8) 1374(1) 187(4) 32(1) 
C(19) -1582(9) 1029(1) -299(4) 39(1) 
C(20) 95(8) 948(1) -1033(4) 34(1) 
C(21) 1592(8) 1221(1) -1261(5) 35(1) 
C(1S) -6329(7) 196(1) 2672(5) 41(1) 
Cl(l) -4472(6) -173(1) 3350(4) 33(1) 
Cl(2) -4932(5) 510(1) 1767(3) 46(1) 
Cl(3) -9184(12) 68(2) 1663(9) 132(3) 
Cl(lA) -4723(19) -199(3) 3117(12) 135(5) 
C1(2A) -5537(10) 356(2) 1178(6) 96(2) 
C1(3A) -9302(9) 55(2) 1908(8) 53(2) 
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Table 3. Bond lengths [A] and angles [°] for 03srv085. 
N(l)-C(l) 1.339(5) C(19)-H(19) 0.92(4) 
N(l)-C(5) 1.341(5) C(20)-C(21) 1.379(6) 
N(2)-C(14) 1.331(5) C(20)-H(20) 0.93(4) 
N(2)-C(15) 1.353(4) C(21)-H(21) 1.02(4) 
N(3)-C(21) 1.331(5) C(1S)-C1(1A) 1.723(9) 
N(3)-C(17) 1.345(4) C(1S)-C1(2A) 1.735(6) 
C(l)-C(2) 1.369(6) C(1S)-C1(3) 1.736(7) 
C(l)-H(l) 0.94(4) C(1S)-C1(3A) 1.746(6) 
C(2)-C(3) 1.391(5) C(1S)-C1(1) 1.753(5) 
C(2)-H(2) 0.98(4) C(1S)-C1(2) 1.771(4) 
C(3)-C(4) 1.393(5) C(1S)-H(1S) 0.98 
C(3)-C(6) 1.487(5) C(1S)-H(1SA) 0.98 
C(4)-C(5) 1.378(5) C(l)-N(l)-C(5) 115.7(4) 
C(4)-H(4) 0.92(3) C(14)-N(2)-C(15) 116.9(3) 
C(5)-H(5) 0.93(4) C(21)-N(3)-C(17) 118.1(3) 
C(6)-C(7) 1.393(5) N(l)-C(l)-C(2) 124.1(4) 
C(6)-C(ll) 1.393(5) N(l)-C(l)-H(l) 111(2) 
C(7)-C(8) 1.379(5) C(2)-C(l)-H(l) 125(2) 
C(7)-H(7) 0.97(3) C(l)-C(2)-C(3) 119.8(4) 
C(8)-C(9) 1.393(5) C(l)-C(2)-H(2) 120(2) 
C(8)-H(8) 0.90(3) C(3)-C(2)-H(2) 120(2) 
C(9)-C(10) 1.407(4) C(2)-C(3)-C(4) 116.9(3) 
C(9)-C(12) 1.481(5) C(2)-C(3)-C(6) 121.5(3) 
C(10)-C(ll) 1.381(5) C(4)-C(3)-C(6) 121.6(3) 
C(10)-H(10) 0.99(3) C(5)-C(4)-C(3) 119.0(4) 
C( l l ) -H( l l ) 0.90(4) C(5)-C(4)-H(4) 120(2) 
C(12)-C(16) 1.394(5) C(3)-C(4)-H(4) 121(2) 
C(12)-C(13) 1.400(5) N(l)-C(5)-C(4) 124.4(4) 
C(13)-C(14) 1.381(5) N(l)-C(5)-H(5) 115(2) 
C(13)-H(13) 0.92(4) C(4)-C(5)-H(5) 120(2) 
C(14)-H(14) 0.98(4) C(7)-C(6)-C(ll) 118.0(3) 
C(15)-C(16) 1.393(5) C(7)-C(6)-C(3) 120.4(3) 
C(15)-C(17) 1.481(5) C(ll)-C(6)-C(3) 121.6(3) 
C(16)-H(16) 0.92(3) C(8)-C(7)-C(6) 121.4(3) 
C(17)-C(18) 1.392(5) C(8)-C(7)-H(7) 118.9(19) 
C(18)-C(19) 1.373(6) C(6)-C(7)-H(7) 119.7(19) 
C(18)-H(18) 0.91(4) C(7)-C(8)-C(9) 120.7(3) 
-e(19)-C(20) 1.369(6) C(7)-C(8)-H(8) 121(2) 
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C(9)-C(8)-H(8) 118(2) C(19)-C(20)-C(21) 118.0(4) 
C(8)-C(9)-C(10) 118.1(3) C(19)-C(20)-H(20) 122(3) 
C(8)-C(9)-C(12) 120.9(3) C(21)-C(20)-H(20) 120(3) 
C(10)-C(9)-C(12) 121.0(3) N(3)-C(21)-C(20) 123.8(4) 
C(ll)-C(10)-C(9) 120.5(3) N(3)-C(21)-H(21) 115(2) 
C(ll)-C(10)-H(10) 119.5(18) C(20)-C(21)-H(21) 121(2) 
C(9)-C(10)-H(10) 120.0(18) C1(1A)-C(1S)-C1(2A) 105.3(5) 
C(10)-C(ll)-C(6) 121.2(3) C1(1A)-C(1S)-C1(3) 105.6(5) 
C(10)-C(ll)-H(ll) 119(2) C1(2A)-C(1S)-C1(3) 91.7(4) 
C(6)-C(ll)-H(ll) 120(2) C1(1A)-C(1S)-C1(3A) 104.3(5) 
C(16)-C(12)-C(13) 116.7(3) C1(2A)-C(1S)-C1(3A) 100.5(4) 
C(16)-C(12)-C(9) 122.1(3) C1(3)-C(1S)-C1(3A) 8.8(6) 
C(13)-C(12)-C(9) 121.3(3) C1(1A)-C(1S)-C1(1) 8.3(5) 
C(14)-C(13)-C(12) 119.1(3) C1(2A)-C(1S)-C1(1) 108.6(3) 
C(14)-C(13)-H(13) 122(2) C1(3)-C(1S)-C1(1) 112.7(4) 
C(12)-C(13)-H(13) 119(2) CI(3A)-C(1S)-C1(1) 110.6(3) 
N(2)-C(14)-C(13) 124.6(3) C1(1A)-C(1S)-C1(2) 113.9(4) 
N(2)-C(14)-H(14) 118(2) C1(2A)-C(1S)-C1(2) 27.1(2) 
C(13)-C(14)-H(I4) 117(2) C1(3)-C(1S)-C1(2) 112.1(4) 
N(2)-C(15)-C(16) 122.2(3) C1(3A)-C(1S)-C1(2) 119.9(4) 
N(2)-C(15)-C(17) 116.3(3) C1(1)-C(1S)-C1(2) 113.3(2) 
C(16)-C(15)-C(17) 121.5(3) C1(1A)-C(1S)-H(1S) 113 
C(15)-C(16)-C(12) 120.4(3) C1(2A)-C(1S)-H(1S) 130.8 
C(15)-C(16)-H(16) 117.3(19) C1(3)-C(1S)-H(1S) 106 
C(12)-C(16)-H(16) 122.2(19) C1(3A)-C(1S)-H(1S) 98.9 
N(3)-C(17)-C(18) 121.2(4) C1(1)-C(1S)-H(1S) 106 
N(3)-C(17)-C(15) 116.7(3) C1(2)-C(1S)-H(1S) 106 
C(18)-C(17)-C(15) 122.1(3) C1(1A)-C(1S)-H(1SA) 115 
C(19)-C(18)-C(17) 119.3(4) C1(2A)-C(1S)-H(1SA) 115 
C(19)-C(18)-H(18) 123(2) C1(3)-C(1S)-H(1SA) 120.9 
C(17)-C(18)-H(18) 118(2) C1(3A)-C(1S)-H(1SA) 115 
C(20)-C(19)-C(18) 119.6(4) C1(1)-C(1S)-H(1SA) 107 
C(20)-C(19)-H(19) 121(2) C1(2)-C(1S)-H(1SA) 88.8 
C(18)-C(19)-H(19) 119(2) H(1S)-C(1S)-H(1SA) 18.9 
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Table 4. Anisotropic displacement parameters (A^x 10^) for 03srv085. The anisotropic 
displacement factor exponent takes the form: -2n^[ h^ a*2ul 1 + ... + 2 h k a* b* U^^ ] 
u i i U22 U33 U23 Ul3 Ul2 
N(l) 29(2) 34(2) 45(2) 8(2) 2(2) -10(2) 
N(2) 20(2) 37(2) 17(2) 5(1) 5(1) -2(1) 
N(3) 29(2) 25(2) 35(2) -2(1) 11(2) -4(1) 
C(l) 37(3) 30(3) 49(3) -4(2) 10(2) -9(2) 
C(2) 29(2) 27(2) 36(2) -4(2) 9(2) -5(2) 
C(3) 17(2) 30(2) 18(2) 3(2) 0(2) -1(2) 
C(4) 22(2) 30(2) 27(2) 2(2) 1(2) -3(2) 
C(5) 20(2) 41(3) 34(2) 7(2) 6(2) -4(2) 
C(6) 21(2) 20(2) 18(2) 0(1) 3(1) 0(2) 
C(7) 23(2) 26(2) 16(2) -4(2) 2(2) -1(2) 
C(8) 26(2) 29(2) 12(2) 2(1) 5(2) 4(2) 
C(9) 18(2) 22(2) 14(2) 3(1) 0(1) 3(2) 
C(10) 18(2) 26(2) 14(2) -3(2) 1(1) -2(2) 
C ( l l ) 21(2) 29(2) 17(2) 0(2) 8(2) 0(2) 
C(12) 16(2) 29(2) 14(2) 3(1) 2(1) 0(2) 
C(13) 22(2) 31(2) 14(2) 2(2) 3(2) 4(2) 
C(14) 20(2) 38(2) 17(2) 6(2) 9(2) 2(2) 
C(15) 21(2) 28(2) 12(2) 6(1) 1(1) 0(2) 
C(16) 17(2) 32(2) 13(2) 0(1) 5(2) 0(2) 
C(17) 25(2) 30(2) 14(2) 4(2) 2(2) -4(2) 
C(18) 37(3) 39(3) 21(2) 3(2) 8(2) -12(2) 
C(19) 50(3) 34(3) 29(2) 8(2) 6(2) -21(2) 
C(20) 40(3) 24(2) 33(2) 0(2) 1(2) -3(2) 
C(21) 30(2) 29(2) 45(3) -5(2) 10(2) -1(2) 
C(1S) 41(3) 37(3) 48(3) 14(2) 19(2) 9(2) 
Cl(l) 28(1) 28(2) 44(1) 16(1) 14(1) 18(1) 
Cl(2) 45(2) 51(2) 46(2) 24(1) 20(1) 4(1) 
Cl(3) 91(4) 85(4) 191(7) 30(3) -14(4) -8(3) 
Cl(lA) 147(9) 95(7) 186(10) 57(6) 85(7) 41(6) 
C1(2A) 67(3) 146(6) 75(4) 66(3) 21(3) -4(3) 
C1(3A) 24(2) 25(3) 93(3) -30(2) -19(2) 7(2) 
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Table 5. Hydrogen coordinates ( x lO^) and isotropic displacement parameters (A^x 10 ^) 
for 03srv085. 
X y z U(eq) 
H(l) 9550(70) 4565(11) 390(40) 32(11) 
H(2) 6670(70) 4133(10) 790(40) 34(11) 
H(4) 9660(60) 3445(10) -1510(30) 17(9) 
H(5) 12230(70) 3904(9) -1760(40) 23(10) 
H(7) 6170(60) 3608(9) 1950(40) 17(9) 
H(8) 3700(60) 3147(8) 2340(30) 10(8) 
H(10) 3240(60) 2720(8) -1540(30) 8(8) 
H(l l ) 5750(60) 3179(9) -1890(40) 24(10) 
H(13) -220(60) 2912(10) 1920(40) 21(10) 
H(14) -2770(70) 2467(10) 2370(40) 31(10) 
H(16) 2630(60) 2191(8) -250(30) 10(8) 
H(18) -2860(70) 1444(9) 630(40) 26(10) 
H(19) -2640(70) 857(10) -130(40) 26(10) 
H(20) 260(70) 718(11) -1360(40) 40(12) 
H(21) 2910(80) 1173(11) -1780(50) 51(13) 
H(1S) -6592 324 3502 49 
H(ISA) -6144 370 3451 49 
/ 
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Appendix IB: Conferences Attended and Publications 
Conferences Attended 
• U K Macrocycles and Supramolecular Chemistry Meeting, University of Newcastle, 
5-6* January 2005. Poster presentation and RSC first prize winner: 'New Cross 
Coupling Methodology for the Synthesis of Photoactive Metal Complexes and Multimetallic 
Assemblies.' 
• RSC Photochemistry Group Young Researchers Meeting, Rutherford-Appleton 
Laboratories, 15* December 2004. Oral presentation: 'Intermetallic Energy Transfer in 
Multimetallic Complexes Prepared Using a Novel Cross-Coupling Approach.' 
• UK Macrocycles and Supramolecular Chemistry Meeting, University of York, 
18-19* December 2002. Poster presentation: 'Luminescent Sensors Based on Metal 
Complexes.' 
Publications 
• 'Synthesis and pH-sensitive luminescence of bis-terpyridyl i r id ium( l l l ) complexes 
incorporating pendent pyr idyl groups.' Kathryn J. A r m , Wendy Leslie and J. A. 
Gareth WiUiams, Inorg. Chim. Acta., i n press. 
• 'Boronic acid-substituted metal complexes: versatile bui lding blocks for the 
synthesis of multimetallic assemblies.' Kathryn J. A r m and J. A . Gareth Williams, 
Chem. Commun., 2005, 230. Also featured i n Chemistry World , February 2005 (page 
14) as a 'hot topic'. 
• 'The synthesis of 4'-aryl substituted terpyridines by Suzuki cross-coupling reactions: 
substituent effects on ligand fluorescence.' W. GoodaU, K. Wi ld , K. J. A r m and 
J. A. G. Williams, /. Chem. Soc, Parkin Trans. 2, 2002,1669. 
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